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PREFACE 

« 

This  study  projects  the  probable  levels  of  coal  development  in 
Montana  and  adjacent  Northern  Great  Plains  (NGP)  states  in  the  next  five, 
ten,  and  twenty-five  years.  The  final  report  is  in  four  parts.  Part  I 
provides  an  outline  of  the  methodology  and  a  summary  of  the  projection. 
Part  II  is  a  detailed  comparison  of  our  results  with  other  projections 
of  NGP  coal  development,  principally  the  Northern  Great  Plains  Resources 
Program's  National  and  Regional  Energy  Considerations  Work  Group  Report 
and  the  Federal  Energy  Administration's  Project  Independence  Report. 
Part  III  is  a  compilation  of  the  fourteen  working  papers  on  which  the 

final  projections  are  based.  Part  IV  is  a  listing  of  computer  programs 

■  f 

developed  for  the  project  and  the  printout  for  the  price-sensitive  pro- 

j     jection  model . 

This  study  is  the  first  step  in  developing  a  detailed  price- 
sensitive  study  of  the  demand  for  Northern  Great  Plains  coal.  We  have 
not  explored  the  interfuel  substitution  problem,  alternative  coal-based 
technologies  that  may  become  commercial  on  a  modest  to  large  scale  in 
the  next  twenty-five  years  (MHD,  coal  liquefaction,  in-situ  gasifica- 
tion, fluidized  bed  combustion,  and  others)  or  the  restraints  that  a 
range  of  environmental,  land  use,  and  taxation  laws  and  regulations 
may  place  on  coal  resource  and  conversion  development. 

Given  the  assumptions  and  methodologies  employed,  this  work  will, 
we  believe,  project  the  levels  of  coal  development  in  the  Northern 

^  »   Great  Plains  required  under  a  variety  of  electric  growth  rate  assump- 
tions to  satisfy  the  demand  for  coal  by  thermal -electric  generating 

i    i 
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plants  within  the  market  areas  we  define.  An  analysis  of  the  potential 
for  coal  gasification  in  the  Northern  Great  Plains  is  also  presented. 
Methodological  analysis  is  presented  in  enough  detail  so  the  reader 
may  provide  alternative  assumptions  and  thus  generate  other  projections, 
We  are  also  aware  that  governmental  intervention  may  result  in  signif- 
icant changes  in  projection  levels  and  rates  of  growth,  rendering  our 
"least  cost"  analysis  meaningless  in  the  short  term. 
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SUMMARY 

In  this  summary  we  provide  an  outline  of  our  methodology  and,  in 
tabular  form,  a  brief  presentation  of  our  results.  This  discussion  is 
repeated  in  much  greater  detail  in  Part  I  following. 

Methodology 

Based  on  an  extensive  review  of  past  regional  and  national  studies, 
the  basic  methodology  adopted  was  as  follows: 
A.   Market  Definition 

We  defined  the  geographic  market  in  which  Northern  Great  Plains  (NGP) 
coal  is  competitive.  Our  analysis  shows  that  the  market  boundary  was  not 

significantly  affected  by  reasonable  alternative  levels  of  transportation 

2 
costs  or  coal  production  costs.   However,  the  market  boundary  was  sensi- 
tive to  federal  air  pollution  control  policy  (due  to  the  additional  charge 

3 
for  pollution  control  equipment  and  operation  ):  regulations  requiring 

only  Supplementary  Control  Systems  (SCS)--which  may  include  tall  stacks 

and/or  Intermittent  Control  Systems  (ICS)--resulted  in  a  13-state  "All  SCS" 

market;  but  if  air  pollution  emission  controls  requiring  flue  gas  desulfur- 

ization  (FGD)  or  the  combustion  of  low  sulfur  coal  are  enforced,  an 

expanded  21 -state  "All  FGD"  market  results.  The  All  FGD  market  coincides 

with  the  set  of  states  for  which  firm  NGP  coal  contracts  through  1980 

exist. 


2Thomas  Power,  Working  Paper  #1  (See  Appendix  I). 
^Terry  Wheeling,  Working  Paper  #3. 
John  McBride,  Working  Papers  #8,  #9,  #10,  and  #11 
^William  Tomlinson,  Working  Paper  #4. 
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B.  Electric  Energy  Demand 

Next  we  projected  the  demand  for  electric  energy  in  the  market  area 
open  to  Northern  Great  Plains  coal.  One  approach  was  to  use  constant 
annual  growth  rates  of  1%,  3%,  and  5%  to  bracket  the  range  of  projections 

for  the  growth  in  electric  energy  demand  resulting  from  both  historical 

5 
trend  and  price-sensitive  econometric  models.   These  growth  rates  were 

simply  applied  to  existing  generation  in  the  area  where  NGP  coal  has  a 

market  advantage.  Table  A  in  Appendix  I  summarizes  this  projection.  An 

additional  projection  is  based  on  our  own  market-specific  price-sensitive 

analysis.   Here  the  permutations  correspond  to  increasingly  higher  rates 

of  real  price  increase  for  electricity  and  gas  in  the  future.  The  annual 

rates  of  growth  in  real  price  used  were  0%  for  both  electricity  and  gas, 

then  1%  and  3%,  3%  and  5%,  and  5%   and  7%  for  electricity  and  gas  prices, 

respectively.  Table  A  in  Appendix  II  summarizes  this  projection. 

C.  Fuel  Mix 

Only  part  of  the  projected  consumption  of  electricity  in  the  market 
area  open  to  NGP  coal  will  be  produced  by  burning  coal.  It  is  therefore 
necessary  to  allocate  the  projected  generation  among  competing  fuels  in 
order  to  estimate  coal -fired  generation.  Based  on  the  assumption  that  coal 
will  maintain  its  current  share  of  electric  generation  fuel  (currently  39% 
in  our  All  FGD  market  and  13.8%  in  our  All  SCS  market).  Table  B  in  each 
of  the  Appendices  provides  a  projection  of  coal-fired  generation.  An 


5 

Thomas  Power,  Working  Paper  #1.  The  econometric  model  predicts 
sales  and  consumption.  However,  these  growth  rates  were  applied  to  the 
1973  generation  figures,  reflecting  the  assumption  that  the  ratio  of 
sales/generation  is  approximately  constant. 

°John  Duffield,  Terry  Wheeling,  Working  Paper  #12. 
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alternative  approach  for  determining  the  fuel  mix  is  to  project  nuclear  and 
hydro  generating  capacity,  and  allocate  the  remaining  "residual"  electric 
generation  to  coal  (see  Table  F). 

D.  Coal  Source 

The  final  element  in  the  projection  was  to  estimate  how  much  of  the 
coal  demand  in  the  market  open  to  NGP  coal  will  be  met  by  NGP  coal  as 
opposed  to  coal  from  other  sources.  Again,  the  implications  of  two  alter- 
native assumptions  were  examined:  (1)  that  NGP  will  supply  all  the  new 
demand  for  coal  in  the  market  area,  or  (2)  that  NGP  will  supply  a  share 
equal  to  its  contract-based  projected  share  for  1980. 

The  basis  of  both  of  these  approaches  and  our  specific  projection  for 

o 

1980  is  our  index  of  coal  contracts  for  the  Northern  Great  Plains.   The 
contract  data  have  been  gathered  from  a  wide  variety  of  sources,  including 
directories  assembled  by  the  Wyoming  Geological  Survey,  the  Montana  Energy 
Advisory  Council,  news  releases  and  articles,  environmental  impact  state- 
ments and  assessments,  and  certified  statements  entered  into  official 
administrative  proceedings.  These  contract  data  represent  the  best  infor- 
mation publicly  available  regarding  contracts  for  NGP  coal. 

E.  Gasification 

The  demand  for  NGP  coal  to  be  used  for  coal  gasification  and  for 
direct  combustion  as  a  boiler  fuel  to  replace  natural  gas  was  also  esti- 
mated. The  demand  for  NGP  coal  to  be  used  as  a  feedstock  for  coal  gasi- 
fication was  determined  by  first  calculating  what  it  would  cost  to  convert 
coal  into  pipeline  quality  gas.  The  value  of  that  gas  was  then  determined 


Arnold  J.  Silverman,  Working  Paper  #5;  John  McBride,  Working  Papers 
#6  and  #7. 

William  Tomlinson,  Working  Paper  #4. 
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by  comparing  synthetic  natural  gas  with  various  competing  substitutes. 
The  response  of  gaseous  fuels  to  much  higher  fuel  prices  and  the  effects 
of  various  governmental  policies  were  also  studied.  The  results  of  these 
analyses,  which  indicate  that  coal  gasification  is  unlikely  without  govern- 
ment intervention,  are  shown  in  Summary  Table  3.  Table  3  also  gives  an 
upper  limit  estimate  of  the  potential  consumption  of  NGP  coal  as  a  boiler 
fuel.  This  estimate  was  calculated  by  projecting  a  theoretical  natural 
gas  shortfall  and  allocating  a  share  of  that  shortfall  to  coal. 

F.   Alternative  Scenarios 

9 

As  will  be  discussed  at  length  below,  the  most  reasonable  permuta- 
tion of  assumptions  appears  to  be  the  All  FGD  market,  the  assumption  of 
a  constant  share  of  total  generation  being  coal-fired,  and  a  share  of  this 
coal  demand  assigned  to  the  NGP  on  the  basis  of  what  the  1980  contracts 
indicate  that  share  will  be.  In  the  following  two  summary  tables,  one  for 
each  of  the  electrical  generation  approaches,  these  permutations  are  shown. 
In  addition,  the  related  state-specific  coal  projections  for  the  individual 
NGP  states  are  given  in  Tables  4  and  5.  Each  state's  allocation  is  based 
on  its  1980  contract  share. 

We  should  emphasize  that  our  analysis  is  meant  not  only  to  project  a 
likely  level  of  coal  development  but,  perhaps  more  importantly,  to  show 
the  relationship  among  the  critical  variables  and  the  sensitivity  of  the 
projection  to  changes  in  the  variables.  The  information  contained  in  Tables 
1  and  2  (and  additional  tables  in  the  Appendices)  allows  the  reader  to  examine 
the  effect  of  different  assumptions  concerning  federal  pollution  control 
policy,  rates  of  growth  in  electrical  generation,  rates  of  increase  in 
electricity  and  gas  prices,  and  alternative  fuel  mixes. 


9 
See  section  "Alternative  Scenarios"  in  Part  I 


SUMMARY  TABLE  1 

COAL  PRODUCTION  IN  THE  NORTHERN  GREAT  PLAINS 
BASED  ON  CONSTANT  GROWTH  IN  ELECTRICAL  GENERATION 
AND  THE  1980-BASED  CONTRACT  SHARE  OF  ALL  COAL  DEMAND 


PART  A:  Coal  Production  Assuming  that  Coal-Fired  Generation  Maintains 
its  Current  Share  of  Electric  Energy  Production 


Growth  in 

1980 

(1 

Millions  of 

Tons) 

Market 

Electrical 

NGP  Coal 

Estimate 

Production 

Share 

1980 

1985** 

2000** 

n 

.88 

136 

108 

126 

All  FGD 

3%* 

.77 

136 

137 

214 

5%* 

.67 

136 

173 

360 

n 

.88 

136 

34 

52 

Partial  FGD 

3% 

.77 

136 

63 

140 

5% 

.67 

136 

99 

285 

PART  B:  Coal  Production  Based  on  the  Assumption  that  the  Residual  Share 
of  the  Fuel  Mix  within  the  NGP  Market  Area  will  be  Filled  by 
Coal -Fired  Generation 


Growth 

in 

1980 

( 

Mill 

ions  of 

To 

ns) 

Market 

Electrical 

NGP  Coal 

Estimate 

Product 

ion 

Share 

1980 

1985** 

2000** 

1% 

.99 

136 

25 

37 

All  FGD 

3% 

.69 

136 

83 

154 

5% 

.52 

136 

154 

335 

1% 

.99 

136 

0 

0 

Partial  FGD 

3% 

.69 

136 

20 

91 

5% 

.52 

136 

91 

272 

*^Our  "most  likely"  projections. 


**The  1985  and  2000  estimates  are  based  on  what  the  1980  share  of 

-fired  generation  being  supplied  by  NGP  coal  would  be  if  5%   annual 

in  consumption  takes  place  between  1974  and  1980.  See  page 


coal 

growth  in  consumption  takes 

for  further  explanation. 
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SUMMARY  TABLE  2 

COAL  PRODUCTION  IN  THE  NORTHERN  GREAT  PLAINS 

BASED  ON  PRICE-SENSITIVE  ESTIMATES  OF  GROWTH  IN  ELECTRICAL  GENERATION 

AND  THE  1980-BASED  CONTRACT  SHARE  OF  COAL  DEMAND 


Price-Sensitive  Coal  Production  Assuming  that  Coal-Fired  Generation  Maintains 
its  Current  Share  of  Electric  Energy  Production 


Annual  Rate 

of 

1980 

(Mil 

lions  of  T 

ons) 

Market 

Price  Increase 

NGP  Coal 

Estimate 

(Electric,  ( 

3as) 

Share 

1980 

1985** 

2000** 

0%,  0% 

.63 

136 

171 

266 

All  FGD 

FPC,  3%* 

.65 

136 

161 

221 

3%,   5%* 

.72 

136 

130 

115 

5%,  7% 

.78 

136 

109 

66 

0%,  0% 

.63 

136 

99 

194 

Partial  FGD 

FPC,  3% 

.65 

136 

89 

149 

«5^  )  D/o 

.72 

136 

58 

43 

5%,  7% 

.78 

136 

37 

0 

Price-Sensitive  Coal  Production  Based  on  the  Assumption  that  the  Residual 
Share  of  the  Fuel  Mix  within  the  NGP  Market  Area  will  be  Filled  by  Coal- 
Fired  Generation 


Annual  Rate 

of 

1980 

(M 

ill  ions  of  Tons 

) 

Market 

Price  Increase 

NGP  Coal 

Estimate 

(Electric, 

Gas) 

Share 

1980 

1985** 

2000** 

0%,  0% 

.47 

136 

151 

238 

All  FGD 

FPC,  3% 

.49 

136 

132 

186 

3%,  5% 

.60 

136 

72 

38 

5%,  7% 

.72 

136 

30 

0 

0%,  0% 

.47 

136 

92 

178 

Partial  FGD 

FPC,  3% 

.49 

136 

73 

126 

3%,  5% 

.60 

136 

13 

0 

5%,  7% 

.72 

136 

0 

0 

*Our  "most  likely"  projections. 

**The  1985  and  2000  estimates  are  based  on  the  1980  contract  level  for 
the  (FPC,  3%)  price  increase  permutation.  See  page  54  for  further 
explanation. 
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SUMMARY  TABLE  3 

NGP  COAL  DEMAND  FOR  REPLACEMENT  OF  NATURAL  GAS 
BY  COAL  GASIFICATION  AND  DIRECT  COMBUSTION  OF  COAL  AS  A  BOILER  FUEL 


Coal  Gasification  Plants  in  the  Northern  Great  Plains 

1 980       1 985       2000 
"Most  likely" 
Low 

High 

Note:  All  plants  rated  at  250  MM  Scf/day.  One  plant  each  will  be 
located  in  Montana,  Wyoming,  and  North  Dakota  in  the  high  estimates. 

Coal  Requirements  for  Gasification  Plants  in  the  Northern  Great  Plains 

(Million  Tons  per  Year) 
1980        1985       2000 


0 

0 

0 

0 

0 

0 

0 

3 

3 

"Most  likely"          0 

' 

0 

0 

Low                0 

0 

0 

High                0 

22.5 

22.5 

Note:  Each  plant  requires  7.5  x 

10« 

tons 

per  pi 

ant- 

-ye 

ar  of  operation 

Consumption  of  NGP  Coal  as  a  Boiler  Fuel  to  Replace  Natural  Gas 

(Million  Tons  per  Year) 
1980        1985       2000 


"Most  likely" 

0 

0 

0 

Low 

0 

0 

0 

High 

0 

16-31 

33-63 
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SUMMARY  TABLE  4 

ALLOCATION  OF  NGP  COAL  PRODUCTION  BY  STATE 

BASED  ON  THE  ASSUMPTION  OF  CONSTANT  ELECTRICAL  GENERATION  GROWTH 

AND  THE  1980-BASED  CONTRACT  SHARE  OF  COAL  PRODUCTION 


Growth  in 

(Millions  of  Tons) 

Market 

El 

ectrical 

Estimate 

Consumption 

1980 

1985 

2000 

All  FGD 

1% 

38 

30 

35 

Montana 

(27.6%) 

3% 

38 

38 

59 

5% 

38 

48 

99 

1% 

84 

67 

78 

Wyoming  (62.1%) 

3% 

84 

85 

133 

5% 

84 

107 

223 

1% 

14 

n 

13 

North  Dakota  (10.3%) 

3% 

14 

14 

22 

5% 

14 

18 

37 

Partial  FGD 

n 

38 

9 

14 

Montana 

(27.6%) 

3% 

38 

17 

39 

5% 

38 

27 

79 

n 

84 

21 

32 

Wyoming 

(62.1%) 

3% 

84 

39 

87 

5% 

84 

61 

177 

1% 

14 

3 

5 

North  Dakota  (10.3%) 

3% 

14 

6 

14 

5% 

14 

10 

29 

SUMMARY  TABLE  5 

ALLOCATION  OF  NGP  COAL  PRODUCTION  BY  STATE 
BASED  ON  A  PRICE-SENSITIVE  ESTIMATE  OF  ELECTRICAL  GENERATION  GROWTH 
AND  THE  1980-C0NTRACT  SHARE  OF  COAL  PRODUCTION 


Market 
Estimate 

All  FGD 
Montana  (27.6%) 

Wyoming  (62.1%) 

North  Dakota  (10.3%) 


Annual 

Rate 

of 

(Millions  of  Tons) 

Price  I 

ncrease 

(Electric,  ' 

Gas) 

1980 

1985 

2000 

0%, 

0% 

38 

47 

73 

FPC, 

3% 

38 

44 

61 

3%, 

5% 

38 

36 

32 

5%, 

7% 

38 

30 

18 

0%, 

0% 

84 

106 

165 

FPC, 

3% 

84 

100 

137 

3%, 

5% 

84 

81 

71 

5%, 

7% 

84 

67 

41 

0%, 

0% 

14 

18 

27 

FPC, 

3% 

14 

17 

23 

3%, 

5% 

14 

13 

12 

5%, 

7% 

14 

11 

7 

Partial  FGD 
Montana  (27.6%) 

Wyoming  (62.1%) 

North  Dakota  (10.3%) 


0%,  0% 

38 

27 

53 

FPC,  3% 

38 

25 

41 

3% ,  5% 

38 

16 

12 

5%,  7% 

38 

10 

0 

0%,  0% 

84 

62 

120 

FPC,  3% 

84 

55 

93 

3%,  5% 

84 

36 

26 

5%,  7% 

84 

23 

0 

0%,  0% 

14 

10 

20 

FPC,  3% 

14 

9 

15 

3% ,  5% 

14 

6 

4 

5%,  7% 

14 

4 

0 
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PART  I 
PROJECTED  DEMAND  FOR  NORTHERN  GREAT  PLAINS  COAL 


A.  Electric  Energy  Demand  and  the  Demand  for 
Northern  Great  Plains  Coal. 

B.  Forecasting  Coal  Gasification  Activity  in 
the  Northern  Great  Plains. 

C.  Liquefaction,  Fertilizer  Production,  and 
Other  Uses  for  Northern  Great  Plains  Coal. 
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PART  I 
PROJECTED  DEMAND  FOR  NORTHERN  GREAT  PLAINS  COAL 

There  are  three  major  sources  of  demand  for  Northern  Great  Plains 
coal;  one  is  a  reality  now,  one  is  a  looming  potential,  and  the  final 
source  is  just  beginning  to  receive  attention.  Electric  utilities  now 
consume  60-70%  of  the  nation's  coal,  and  almost  100%  of  the  NGP  coal 
goes  to  electric  utilities.  Another  major  potential  demand  for  NGP  coal 
is  gasification  of  coal  to  produce  synthetic  natural  gas.  The  final 
potential  demand  for  NGP  coal  is  for  liquefaction,  petrochemical  produc- 
tion and  the  production  of  fertilizer  from  coal. 

The  first  section  of  Part  I  will  examine  the  demand  derived  from 
coal-fired  generation,  the  second  section  will  discuss  the  demand  based 
on  coal  gasification,  and  the  final  section  will  yery   briefly  discuss 
liquefaction,  fertilizer  production  and  other  related  processes. 

A.  Electric  Energy  Demand  and  the 
Demand  for  Northern  Great  Plains  Coal 
Introduction 

The  demand  for  Northern  Great  Plains  coal  for  electrical  generation 
depends  on  a  broad  range  of  political  and  economic  variables.  These 
include  the  enforcement  of  natural  and  sulfur  oxide  air  pollution  standards, 
the  cost  and  effectiveness  of  sulfur  removal  technologies,  the  price  and 


PEA  Project  Independence  Report  (November,  1974)  p.  289. 


12 
availability  (geological  and  political)  of  natural  gas  and  petroleum,  the 
cost,  reliability  and  acceptability  of  nuclear  fueled  electric  generating 
plants,  the  institutional  constraints  on  the  development  of  coal,  trans- 
portation and  transmission  costs,  and  the  long-range  responsiveness  of 
electrical  consumption  to  price  changes.  The  effect  of  these  and  other 
critical  parameters  was  analyzed  through  four  methodological  steps:  (1) 
identification  of  the  extent  of  the  geographic  market  for  N6P  coal;  (2) 
estimation  of  the  demand  for  electricity  in  that  market  area  open  to  NGP 
coal;  (3)  allocation  of  a  share  of  total  electrical  generation  within  the 
market  area  to  coal -fired  facilities;  and  (4)  estimation  of  the  share  of 
coal-fired  generation  that  will  be  supplied  by  NGP  coal.  The  assumptions 
concerning  each  of  these  elements  are  summarized  below,  along  with  our  analysis 
The  reader  interested  in  greater  detail  will  find  references  to  the  original 
working  papers  in  the  discussion. 

Defining  the  Market  open  to  NGP  Coal 

The  market  for  NGP  coal  depends  upon  its  delivered  cost  to  the  user 
(including  special  capital  investments  in  plant  needed  to  allow  the  use 
of  it)  compared  to  the  same  costs  of  alternative  fuels.  The  most  impor- 
tant costs  to  be  considered  are  mining  costs,  transportation  costs,  and 

costs  of  air  pollution  control.  In  Working  Paper  #3  we  have  developed  a 

2 
simple  market  definition  model  based  primarily  on  the  work  of  W.D.  Watson. 

We  have  updated  the  data  and  dropped  complications  Watson  showed  were 

unnecessary.  The  model  simply  seeks  to  define  lines  ("hypercircles  ) 


2 

W.D.  Watson,  Jr.,  "Costs  of  Air  Pollution  Control  in  the  Coal- 
Fired  Electric  Power  Industry,"  Quarterly  Review  of  Economics  and  Business, 
Vol.  12,  No.  3  (Autumn,  1972).  The  following  discussion  provides  a 
summary  of  Working  Paper  #3. 

-^C.D.  Hyson  and  W.P.  Hyson,  "The  Economic  Law  of  Market  Areas," 
Quarterly  Journal  of  Economics,  Vol.  64,  No.  2  (1950). 
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where  the  cost  of  using  midwestern  and  NGP  coal  are  equal  (assuming  coal 
is  located  at  a  point  source).  Since  important  determinants  of  this  market 
are  the  sulfur  pollution  regulations  which  are  actually  enforced,  we  have 
assumed  the  following: 

1.  There  are  sufficient  locations  in  the  NGP  market  area  where 
coal -fired  plants  can  be  located  without  violating  federal 
ambient  air  standards. 

2.  There  is  sufficient  coal  in  the  Northern  Great  Plains  with  low 
enough  sulfur  content  that  it  can  be  burned  without  flue  gas 
desulfurization  and  not  violate  the  new  federal  stationary  source 
emissions  standards  for  sulfur  oxides. 

3.  Standards  similar  to  federal  air  pollution  standards  are 

4 
enforced  by  states. 

These  assumptions  mean  that  our  market  definition  focuses  only  on 
federal  stationary  source  emission  standards;  hence  two  projections  are 
necessary:  one  for  new  sources  (it  must  meet  federal  standards  of  1.2 
pounds  of  SO  per  million  BTU's  of  coal  burned)  and  another  for  the  retro- 
fitting of  old  plants  to  meet  state  air  pollution  emission  control  regulations 
Specific  annual  costs  were  calculated  for  three  facets  of  electric  power 
generation  by  a  "typical"  coal-fired  plant.  These  are: 

1.  The  cost  of  fuel  delivered  to  the  plant; 

2.  The  cost  of  pollution  control  equipment  (capital  and  operating 
costs);  and 

3.  Additional  construction  costs  for  increased  boiler  size  and 
larger  coal  handling  and  pulverizing  facilities  due  to  use  of 
low-BTU  western  coals  relative  to  the  base  rate  of  burning 
high-BTU  midwestern  coal. 


4 
Supported  by  William  Tomlinson,  Working  Paper  #13, 
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It  is  assumed  that  all  other  costs  of  construction  and  operation  of  the 
generating  unit  are  independent  of  its  location  and  the  type  of  coal 
burned. 

The  first  category  of  costs  depends,  of  course,  on  mine  mouth  coal 
prices  and  transportation  costs.  We  compared  three  "point  sources"  of 
coal  production:  (a)  the  Powder  River  Basin  (northern  Wyoming);  (b) 
Williston  Basin  (west-central  North  Dakota);  and  (c)  central  Illinois  to 
determine  the  geographic  market  to  the  east  and  south  of  the  NGP  states 
(see  Figures  1,  2,  3  and  4  following).  The  associated  production  prices 
were  assumed  to  be  $10/ton  for  Illinois  coal,  $2.50/ton  for  North  Dakota 
lignite,  and  $5-$6/ton  for  Wyoming  (and  similar  Montana)  subbituminous 
coal.^  Transportation  was  assumed  to  be  by  rail,  using  $.007/ton-rail 
mile  in  1974  and  $.00836/ ton-rail  mile  in  1980.^ 

Additional  charges  for  pollution  control  equipment  for  midwestern 
coal  and  for  increased  construction  costs  associated  with  burning  NGP  coal 
are  summarized  in  Table  6  on  the  following  page. 

The  results  of  the  analysis  are  summarized  in  Figures  1,  2,  3  and  4. 
Figures  1  and  2  demonstrate  the  hypercircle  or  market  boundary  for  North 
Dakota  lignite  vs.  Wyoming  subbituminous  and  the  latter  vs.  Illinois  coal 
for  new  plants  requiring  lime/limestone  scrubber  systems.  As  shown,  the 
eastern  boundary  of  the  NGP  market  extends  through  Illinois,  Missouri, 
Arkansas  and  Louisiana.  The  market  boundary  vis-a-vis  midwestern  coal 


^Heat  content  was  assumed  to  be  11,500  BTU/lb.,  6,800  BTU/lb.,  and 
8,300  BTU/lb.,  respectively. 

^Based  on  J.G.  Asbury  and  K.W.  Costello,  Price  and  Availability  of 
Western  Coal  in  the  Midwestern  Electricity  Market  1974-1982,  Argonne 
National  Laboratory  (October,  1974). 
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TABLE  6 

ADDITIONAL  ANNUAL  CHARGES  FOR 
POLLUTION  CONTROL  EQUIPMENT  AND  CONSTRUCTION 


Coal 

Source 

Capital 

Charges 

($/KW) 

Additional 

Operating 

Charges 

(MLS/KWH) 

Total 
Annualized 
Charges 
(MLS/KWH) 

Figure  1 : 

Illinois^ 

70.00 

1.5 

3.2 

N.  Dakota^ 

100.00 

0.0 

2.4 

4 
Wyoming 

20.00 

0.0 

.49 

Figure  2: 

Illinois^ 

90.00 

1.5 

4.0 

Wyoming^ 

20.00 

0.0 

.57 

Figure  3: 

Illinois^ 

8.00 

.15 

.38 

Wyoming^ 

20.00 

0.0 

.57 

Midrange  charge  for  lime/limestone  scrubbing  FGD  system  as  reported 
by  John  McBride,  Working  Paper  #8. 

"^EPA  estimates  an  additional  charge  of  $19/KW  for  retrofitting  a 
lime/limestone  scrubbing  FGD  system. 

^Midrange  charge  for  SCS  retrofit.  (Air  Quality  and  Stationary 
Source  Emission  Control,  a  Report  by  the  Commission  on  Natural  Resources, 
National  Academy  of  Sciences,  National  Academy  of  Engineering,  National 
Resource  Council,  prepared  for  the  U.S.  Senate  Committee  on  Public  Works, 
March,  1975.) 

^EPA  estimates  an  additional  charge  for  using  western  coal  relative 
to  eastern  coal  of  $2-$40/KW,  averaging  $20/KW.  Watson  used  $4.2/KW 
(1967  dollars),  calculated  as  5-10%  of  boiler  cost  using  $160/KW  total  in- 
stalled cost  with  35%  attributable  to  boilers  and  auxiliaries.  Using  a 
more  recent  figure  of  $500/KW  installed  plant  cost,  this  formula  gives  an 
additional  charge  for  using  western  coal  of  $8.75-$17.5/KW.  (Source:  see 
3  above. ) 

^See  4  above.  Retrofit  costs  are  likely  to  be  higher,  but  no  esti- 
mates of  this  increase  are  known. 

°This  value  is  an  estimate;  no  recent  estimates  have  been  found. 
Watson  uses  $40/KW  (1967  dollars).  Capital  charges  of  $110/KW  and  $130/KW 
for  Figure  1  (Wyoming  coal  price=$5/ton)  and  for  Figure  2  (Wyoming  coal 
price=$6/ton)  respectively  restrict  the  North  Dakota  lignite  market  to 
within  North  Dakota.  A  $100/KW  capital  charge  presumes  that  there  is  no 
North  Dakota  lignite  that  can  meet  federal  new  source  air  pollution 
emission  regulations  without  flue  gas  desulfurization. 
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is  not  extremely  sensitive  to  alternative  transportation  rates  (the  1974 
vs.  1980  lines)  or  alternative  relative  coal  production  prices  ($5  Wyoming 
coal  in  Figure  1,  $6  in  Figure  2). 

Figures  3  and  4  demonstrate  the  effect  on  the  market  boundary  of 
alternative  pollution  standards  for  retrofitting  existing  plants.  When 
stringent  controls  requiring  lime/limestone  scrubbers  are  enforced,  the 
market  again  extends  well  into  Illinois.  However,  when  SCS  are  permitted, 
the  market  boundary  shrinks  back  to  Minnesota  and  eastern  Nebraska,  as 
shown. 

The  market  for  NGP  coal  is  primarily  sensitive  to  alternative  pollu- 
tion control  standards.  Therefore,  in  our  analysis  we  have  defined  an 
expanded  All  FGD  market  (corresponding  to  the  case  where  scrubbers  are 
required)  to  include  the  following  21  states:  Montana,  Wyoming,  Washington, 
Oregon,  Idaho,  Colorado,  Iowa,  South  Dakota,  North  Dakota,  Minnesota, 
Nebraska,  Illinois,  Missouri,  Wisconsin,  Arkansas,  Louisiana,  Kansas, 
Oklahoma,  Texas,  Indiana,  and  Michigan.  Our  residual  All  SCS  market  (where 
ICS/tall  stack  systems  are  permitted)  includes  13  states,  the  following 
eight  states  being  omitted  from  the  preceding  list:  Iowa,  Illinois,  Missouri, 
Wisconsin,  Arkansas,  Louisiana,  Indiana,  and  Michigan.  As  a  check  on  our 
assumption  that  state  and  federal  air  pollution  standards  would  be  similar, 
federal  and  state  emission  and  ambient  air  pollution  standards  were  compared 
in  these  eight  "swing"  states.  We  reason  that  the  other  13  states  will 
be  in  the  NGP  coal  market  regardless  of  pollution  standards.  The  results 


The  latter  change  does  substantially  increase  the  market  for  North 
Dakota  lignite,  but  this  is  merely  a  redistribution  within  the  NGP  market 
area. 
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are  summarized  in  Tables  7  and  8.   As  can  be  seen,  state  and  federal 
standards  are  nearly  identical  in  the  "swing"  states,  suggesting  that  our 
assumption  is  valid.  It  should  be  noted  that  the  state  of  Wyoming  does 
have  sulfur  oxide  air  pollution  emission  standards  which  are  much  more 
stringent  than  present  federal  new  source  emission  standards.  If  these 
standards  are  upheld,  coal -fired  electric  power  generation  in  Wyoming  will 
be  limited.  Generation  which  would  have  occurred  in  Wyoming  would  be  trans- 
located to  some  other  state.  However,  no  translocation  outside  of  the 
NGP  coal  market  area  is  expected.  Wyoming's  intrastate  coal  consumption 
will  be  decreased  in  this  circumstance  but  Wyoming  coal  exports  could  be 
higher  than  currently  expected  because  of  the  translocation. 

The  model  developed  previously  only  describes  a  market  boundary  vis-a- 
vis midwestern  coal.   A  market  boundary  between  Northern  Great  Plains  and 
Southwestern  (Arizona,  Utah,  New  Mexico)  coal  was  not  determined.  It  is 
possible  that  there  may  be  some  overlap  between  the  Northern  Great  Plains 
and  Southwestern  coal  market  areas  in  the  Colorado,  Texas,  Louisiana  area. 
Because  of  the  limited  extent  of  Southwestern  coal  reserves  we  assumed  that 
there  would  not  be  a  significant  export  of  Southwestern  coals  to  the  east. 
The  verification  of  this  assumption  requires  further  research.  Our  model 
also  assumes  minimum  cost  strategy.  There  are  two  major  reasons  this  may 
not  be  appropriate:  (1)  Uncertainty.  Given  the  uncertainty  which  electric 
utilities  face  about  enforcement  of  deadlines  in  meeting  pollution  stan- 
dards, the  possibility  of  SCS  being  approved,  the  performance  of  FGD 
methods,  the  potential  relaxation  of  standards,  etc.,  they  may  use  a  non- 
minimum  cost  method  so  as  to  reduce  the  risk.  This  uncertainty,  we  assume, 
should  disappear  over  the  next  two  to  three  years  as  political  decisions 


Q 

"Based  on  William  Tomlinson,  Working  Paper  #13, 
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are  made,  court  decisions  are  reached,  and  data  on  technical  performance 
of  equipment  become  available.  (2)  Industrial  Structure.  We  know  little 
or  nothing  about  corporate  strategy  for  coal  development.  The  same  companies 
which  own  oil  fields  and  uranium  deposits  also  own  coal  in  Appalachia,  the 
Midwest,  and  the  NGP  states.  Their  long-run  profit  maximizing  strategy  is 
unknown.  Are  there  forces  which  will  lead  them  to  restrict  temporarily 
coal  development  on  properties  they  own  in  Appalachia  or  the  Midwest  in 
favor  of  NGP  development?  (For  example,  are  they  cornering  some  part  of 
the  NGP  deposits  in  an  institutional  environment  where  they  must  mine  if 
they  lease?)  Or  are  the  pressures  the  opposite? 

However,  empirical  evidence  on  recent  past  and  current  decisions  by 
utilities  seems  to  support  our  cost-minimizing  model.  Our  compilation  of 

Q 

NGP  coal  contracts  to  1980  by  state  of  destination  coincides  with  our 
21-state  All  FGD  market  area,  with  the  exception  of  Washington.  The 
latter  should  clearly  be  included  in  the  market  area,  based  on  current 
proposals  for  mine  mouth  plants  to  transmit  energy  to  the  Pacific  North- 
west. This  evidence  suggests  that  utilities  expect  scrubbers  rather 
than  supplementary  control  systems  to  be  required.  This,  in  fact,  is 
federal  policy,   obviously  subject  to  change.  The  uncertainty  concerning 
future  policy  is  suggested  by  the  fact  that  the  Federal  Energy  Administra- 
tion currently  advocates  SCS  for  existing  electric  power  plants,  while  the 
Environmental  Protection  Agency  is  still  advocating  scrubbers  as  a 
permanent  control  strategy. 

g 

^William  Tomlinson,  Working  Paper  #4. 

'^Based  on  the  Clean  Air  Act  of  1970  and  the  Energy  Supply  and 
Environment  Coordinating  Act  of  1974. 

l^Discussed  more  fully  in  John  McBride,  Working  Paper  #11. 
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To  conclude,  the  market  area  where  the  NGP  is  the  least  cost  source 
for  new  coal-fired  generation  facilities  includes  21  states  in  the  Pacific 
Northwest,  the  Great  Plains  and  the  Midwest.  This  is  based  on  the  assump- 
tion, which  appears  virtually  certain,  that  scrubbers  will  be  required  on 
new  plants.  For  existing  plants,  if  lime/ limes tone  scrubber  systems  are 
required,  the  same  21 -state  All  FGD  market  applies.  However,  if  Supple- 
mentary Control  Systems  are  permitted  for  existing  plants,  which  is  a 
possibility,  high-sulfur  midwestern  coal  pollution  control  costs  decline 
substantially.  In  such  a  case,  NGP  coal  would  be  competitive  in  the  smaller 
13-state  "Partial  FGD"  market  area. 

In  making  actual  projections  based  on  this  market  area,  the  All  FGD 
market  estimates  in  Appendices  I  and  II  are  based  on  the  assumption  that 
scrubbers  will  be  required  on  both  new  and  existing  electric  generating 
plants  in  the  expanded  21-state  market  area.  The  residual  Partial  FGD 
market  estimates  are  based  on  permitting  SCS  for  all  existing  plants  but 
requiring  new  plants  in  the  21-state  market  area  to  operate  scrubber  systems. 

Electrical  Energy  Demand  in  the  NGP  Coal  Market  Area 

Having  defined  the  market  for  NGP  coal,  the  next  methodological  step 
was  to  estimate  future  electrical  energy  demand  in  this  market  area.  The 
following  discussion  summarizes  a  more  extensive  survey  in  Working  Papers 

#1  and  #12.^^ 


12 
Thomas  Power,  Working  Paper  #1;  John  Duf field  and  Terry  Wheeling, 

Working  Paper  #12. 
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Survey  of  Electric  Consumption  Projections 

Until  recently  energy  projections  were  based  on  the  extension  of 
historical  trends  (population,  local  economic  activity,  appliance  pur- 
chasing and  use,  etc.)  with  ad  hoc  judgmental  adjustments  made  to  take 
into  account  expected  changes  in  these  trends.  There  usually  was  no 
systematic  procedure  or  formal  model.  Public  utility  projections  are  a 
good  example  of  this  type  of  projection.  Combining  an  accurate  feeling 
for  developing  trends  in  the  regional  economy  with  the  experience  of 
several  decades  of  a  nearly  constant  rate  of  growth  in  demand  (growing  at 
approximately  7%  annually,  doubling  every  10  years),  utilities  projected 
consumption  on  a  very  informal  basis.  This  is  not  to  say  that  the 
utilities'  projections  were  mere  guesswork.  Very  detailed  analyses  of 
demographic,  economic,  and  consumption  trends  were  made  of  particular 
small  areas  to  determine  what  transmission  and  distribution  equipment 
would  be  needed  in  the  future  in  those  areas.  But  no  consistent,  overall 
methodology  guided  the  projections  for  the  entire  system.  These  estimates 
by  the  individual  utilities,  the  electric  power  company  10-year  plans, 
are  compiled  by  the  Federal  Power  Commission  by  region  (National  Electric 
Reliability  Councils).  A  recent  summary^^  by  the  FPC  projects  generation 
to  grow  at  nearly  the  historical  rate:  7.91%  1974-1980,  6.44%  1980-1985, 
and  5.69%  1985-2000.  With  minor  modifications,  the  FPC  projections  have 
been  the  basis  of  the  electrical  sector  forecasts  in  several  recent  in- 
fluential federal  studies:  Dupree  and  West,  U.S.  Energy  Through  the  Year 
2000  (Department  of  the  Interior,  1972),  and  the  Northern  Great  Plains 
Resources  Program,  National  and  Regional  Energy  Considerations  Work  Group 


13 
Federal  Power  Commission,  National  Power  Survey,  the  Report  of  the 

Technical  Advisory  Committee  on  Fuel  (draft),  (September,  1974),  pp.  67-77, 
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Report  (discussion  draft,  February,  1974).  The  basis  for  the  credibility 
of  these  projections  lies  in  the  fact  that  in  the  recent  past  projections 
of  this  type  have  been  remarkably  accurate.  However,  from  an  economist's 
standpoint  these  projections  are  naive,  ignoring  as  they  do  the  effect  of 
price  on  quantity  demanded.  The  recent  decades  of  very  high  growth  in 
electrical  consumption  have  also  been  a  period  of  rapidly  declining  real 
electrical  prices  due  to  technological  advance  in  the  utility  sector.  From 
1935  to  1969,  the  real  average  price  of  electricity  in  the  U.S.  declined 
from  6.08(t/KWH  to  1 .40(t/KWH,^^  or  an  average  annual  decline  of  4.3%.  This 
historical  decline  in  the  relative  price  of  electricity  would,  of  course, 
encourage  increased  consumption  of  electricity. 

However,  we  now  are  entering  a  period  when  many  of  the  variables 
affecting  the  consumption  of  electricity  are  departing  from  the  historical 
pattern.  In  particular,  increasing  costs  associated  with  environmental 
protection  and  decreasing  fuel  supplies,  and  a  decrease  in  the  rate  of 
technological  advance  have  halted  the  long-term  decline  in  electrical 
prices.  In  1970,  for  the  first  time  since  1946,  the  deflated  average 
price  of  electricity  rose  slightly  (1.8%).  For  a  recent  1-year  period, 

February,  1974,  to  February,  1975,  the  deflated  average  price  rose  by 

15 
17.3%. 

In  order  to  identify  the  effect  of  prices  and  other  variables  on  con- 
sumption, econometric  estimates  of  demand  functions  have  been  made.  The 
sensitivity  of  consumption  to  changes  in  price  (or  changes  in  other 


14 
Constant  1967  dollars.  Derived  from  Edison  Electric  Institute, 

Year  Book  (1973),  p.  53. 

15 
Derived  from  FPC  News,  VIII,  No.  24  (June  20,  1975),  p.  46  and 

Federal  Reserve  Bank  of  St.  Louis,  Monetary  Trends  (August  20,  1975),  p.  4, 
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variables)  may  be  described  in  terms  of  elasticity,  or  the  ratio  of  the 
percentage  change  in  quantity  demanded  to  the  percentage  change  in  price. 
Most  estimates  of  the  long  run  price  elasticity  of  demand  for  electricity 
have  been  in  the  range  of  -1.00  to  -2.00  (-1.00  suggests  that  a  1%  increase 
in  price  causes  a  1%  decline  in  the  quantity  of  electricity  demanded). 
Income  elasticities  tend  to  be  less  than  one.  Table  9,  reproduced  from 
a  recent  survey  article,  summarizes  the  results  of  major  studies  in  this 
area. 

The  estimated  relationship  between  the  consumption  of  electricity 
and  variables  such  as  the  price  of  electricity,  income,  population,  and 
the  price  of  substitutes  such  as  natural  gas  may,  of  course,  be  applied 
to  project  the  future  level  of  consumption  of  electricity.  Several  such 
projections  of  future  electric  energy  consumption,  along  with  the  Federal 
Power  Commission  and  Dupree  and  West  projections,  are  summarized  in  Table  10, 

1  c 

The  CMT  estimates  are  from  a  study  by  Chapman,  Mount  and  Tyrrell 
using  class  specific  (residential,  commercial,  industrial)  elasticities 
of  electric  demand  as  follows: 

CMT  CLASS  SPECIFIC  ELASTICITY 


Elasticity 

First 

Year 

Response 

(%) 

Years  for 

50% 

Consumer   1 
Class 

Electricity  Popu- 

Price    lation  Income 

Gas 
Price 

Total 
Response 

Residential 

Commercial 

Industrial 

-1.3     +0.9    +0.3 
-1.5     +1.0    +0.9 
-1.7     +1.1    +0.5 

+0.15 
+0.15 
+0.15 

10 
11 
11 

8 
7 
7 

• 

Demand  Growth  and 
member  17,  1972),  p 

Chapman,  Duane,  et  al.,  "Electric 
Crisis,"  Science,  Vol.  178,  No.  4062  (Nov 

the  Energy 
.  703. 

^^Op.  cit. ,  p.  705, 
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TABLE  9 

PRICE  AND  INCOME  ELASTICITIES  OF  ELECTRICITY 
Demand  Summary  of  Econometric  Estimates 


Type 
of 

Price  Elasticity 

Income 

Elasticity 

Type  of  Demand 

Price 

Short  run  Long  run 

Short  run  Long  run 

Type  of  Data 

Residential 

Houthakker 

M 

-0.89    NE 

1.16 

NE 

CS:  Cities  (U.K.) 

Fisher  &  Kaysen 

A 

==  -0.15  ^   0 

=  0.10 

Small 

CS-TS:  States 

Houthakker  &  Taylor 

A 

-0.13    -0.89 

0.13 

1.94 

TS:  Aggregate  U.S. 

Wilson 

A* 

NE     -2.00 

NE 

=^  0 

CS:  SMSA's 

Mount,  Chapman  & 
Tyrrel  1 

A 

-0.14    -1.20 

0.02 

0.20 

CS-TS:  States 

Anderson 

A* 

NE     -1.12 

NE 

0.80 

CS:  States 

Lyman 

A 

(=  -0.90) 

(  = 

-0.20) 

CS-TS:  Areas  Served 
by  Utilities 

Houthakker, 

Verleger  &  Sheehan 

M 

-0.90    -1.02 

0.14 

1.64 

CS-TS:  States 

Coimiercial 

Mount,  Chapman  & 
Tyrrell 

A 

-0.17    -1.36 

0.11 

0.86 

CS-TS:  States 

Lyman 

A 

(=  -2.10) 

pc-  -rq.  Areas  Served 
by  Utilities 

■  ■  - '  -  1 

Industrial 

Fisher  &  Kaysen 

A 

NE    =  -1.25 

CS:  States 

Baxter  &  Rees 

A 

NE    =  -1.50 

TS:  Industries  (U.K 

Anderson 

A 

NE     -1.94 

CS:  States 

Mount,  Chapman  & 
Tyrrell 

A 

-0.022   -1.82 

CS-TS:  States 

Lyman 

A 

(-1.40) 

CS-TS:  Areas  Served 
by  Utilities 

Note: 


NE 

CS 

TS 

M 


Not  estimated. 
Cross-section. 
Time-series. 
Marginal  Price. 


A 


A: 
* 


Ex  post  average  price. 
Average  Price  for  a 
fixed  amount  of  elec- 
tricity consumed  per  month. 


Spurce:  L.D.  Taylor,  "The  Demand  for  Electricity:  A  Survey,"  Bell  Journal  of 
Economics  and  Management  Science,  Vol.  6,  No.  1  (Spring,  1975) ,  p.  101 
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TABLE  10 

ALTERNATIVE  FORECASTS  OF  U.S.  ELECTRICITY  CONSUMPTION^ 
(Trillion  Kilowatt  Hours) 


Projection 

1970 

1975 

1980 

1985 

1990 

2000 

Cornel 1-NSF 

1.57 

2.15 

2.92 

3.96 

5.38 

10.25 

CMT  -  High 

1.53 

2.14 

3.05 



5.66 

9.89 

-  Medium 

1.53 

1.98 

2.38 



3.01 

3.45 

-  Low 

1.53 

1.88 

2.07 

____ 

2.11 

2.01 

DW 

1.53 

2.13 

3.00 

4.14 



9.01 

FPC 

1.53 



3.07 



5.83 



HJ 

1.53 

1.94 

2.59 

3.35 



6.98 

NPC 

1.59 

2.29 

3.29 

4.54 

— - 

— - 

Cornell  NSF  is  Cornell  National  Science  Foundation  Workshop;  CMT  is 
Chapman,  Mount  and  Tyrrell;  DW  is  Dupree  and  West;  FPC  is  Federal  Power 
Commission;  HJ  is  Hudson-Jorgenson;  NPC  is  National  Petroleum  Council. 

Sources:  Cornell  NSF,  FPC,  NPC  forecasts  are  given  in  Chapman,  Mount 
and  Tyrrell  (1972),  Table  1,  Page  3.  The  CMT  "low"  forecast  assumes 
that  the  real  electricity  price  doubles  by  2000.  The  "medium"  forecast 
corresponds  to  the  FPC  estimates  of  a  19%  real  price  increase  over  1970- 
1990.  The  "high"  forecast  corresponds  to  a  24%  real  price  decline  over 
1970-1980  and  a  12%  decline  over  each  of  the  1980-1990  and  1990-2000 
intervals. 


DERIVED  RATES  OF  GROWTH  OF  ELECTRIC  CONSUMPTION 


Projection 

1970-1980 

1980-1990 

1985-2000 

1990-2000 

Cornel 1-NSF 

6.4 

6.3  . 

— _— 

6.7 

CMT  -  High 

7.1 

6.4 

--- 

5.7 

-  Medium 

4.5 

2.4 

— 

1.4 

-  Low 

3.1 

.2 

— 

-0.5 

DW 

6.9 

_-_ 

5.3 



FPC 

7.2 

6.6 

— 

— 

HJ 

5.4 



5.0 



NPC 

7.5 

-.  — — 

—  —  — 

— — — 

''"Reproduced 

from 

Edward  Hudson 

and 

Dale  Jorgenson, 

,  "U.S. 

Energy 

Policy 

and  Economic 

Growth 

,"  Bell  Journal 

of  Economics 

and  Management  : 

Science, 

Vol.  5,  No.  2  (Autumn,  1974)  p.  461.  Growth  rates  are  derived. 


31 

The  CMT-high  projection  was  included  to  illustrate  the  real  price 
declines  necessary  to  duplicate  the  high  growth  FPC  estimates.  They  found 
that  price  declines  of  24%  for  1970-1980  and  12%  each  decade  thereafter 
would  be  necessary  to  reproduce  the  FPC  estimate.  The  CMT-medium  projection 
is  based  on  the  FPC  estimate  of  price  increases  of  a  total  of  19%  between 
1970  and  1980  (.87%  annually)  and  the  low  projection  assumes  that  real 
electric  prices  double  by  the  year  2000  (2.33%  annual  increase).  The  HJ 
or  Hudson-Jorgenson  estimate  is  based  on  a  more  complex  econometric  model 

1  Q 

in  which  price  is  an  endogenous  variable.    They  project  that  real  electric 
prices  will  fall  between  1970  and  2000  from  2.12(t/KWH  to  Z.OZt/YMH   due  to 
increased  productivity  in  the  electric  utility  industry. 

Another  price-sensitive  estimate,  not  compared  in  Table  5,  is  found 
in  the  FEA  Project  Independence  Report.  They  project  a  high  (6.5%)  annual 
growth  in  electric  consumption  between  1973-1985.  This  high  growth  pro- 
jection is  primarily  due  to  the  choice  of  a  \/ery   low  price  elasticity 
of  demand  (-.42)  and  a  very   high  income  elasticity  (1.90).    The  latter 
is  higher  by  a  factor  of  two  than  most  estimates,  and  the  former  is  approx- 
imately one-half  that  of  other  studies.  The  combination  of  these  two 
assumptions  is  enough  to  smother  the  impact  of  rising  energy  prices. 
Beyond  1985,  the  Project  Independence  Report  projects  a  drop  to  a  2.0% 
growth  rate  in  the  "Base  Case"  and  a  2.65%  r^te  in  the  "Conservation  with 
Major  Shift  to  Electric  Power"  case.^^ 


1 8 
Discussed  more  fully  in  Thomas  Power,  Working  Paper  #1,  pp.  44-49, 

along  with  a  similar  study  by  J.M.  Griffin,  "The  Effects  of  Higher  Prices  on 

Electricity  Consumption,"  Bell  Journal  of  Economics  and  Management  Science, 

Vol.  5,  No.  2  (Autumn,  1974)  p.  515. 

'^FEA,  Project  Independence  Report  (November,  1974),  p.  56  of  the 
Appendix. 

'^^Op.  cit.,  pp.  433-434.  Discussed  more  fully  in  Thomas  Power, 
Working  Paper  #1,  pp.  14-27. 
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Still  another  method  of  projecting  demand  is  the  appliance  saturation 
model.  If  one  is  willing  to  assume  that  the  next  25  years  are  not  likely 
to  see  the  development  of  new,  widely  used,  electric  energy  intensive 
appliances  (such  as  electric  cars),  one  can  study  the  growth  in  the  com- 
mercial and  residential  demand  for  electric  energy  in  two  parts:  (1)  the 
increase  or  decrease  in  electric  energy  use  by  a  particular  appliance; 
and  (2)  the  increase  in  the  number  of  homes  using  that  appliance  (its 
increasing  saturation). 

This  last  consideration  by  itself  suggests  a  slowing  of  the  rate  of 
growth  of  electric  demand  as  appliances  which  are  heavy  users  of  electric 
energy  (color  TV,  air  conditioning,  modern  lighting,  electric  space  heating) 

reach  total  saturation.  Several  regional  studies  using  this  methodology 

21 
suggest  future  growth  rates  of  2-3%. 

In  conclusion,  estimates  of  near  future  electrical  demand  growth 

range  from  3-7%  annual  increase  while  long-term  growth  estimates  vary 

from  a  projected  slight  decline  to  a  6%  annual  increase.  The  estimates 

differ  according  to  the  model  employed  and  assumptions  concerning  future 

values  of  key  parameters  such  as  price. 


?1 
Walter  Butcher  and  George  Hinman,  Guidelines  for  a  Northwest  Energy 

Policy,  Phase  2:  Analysis  of  Energy  Policies"  for  1980  (Pullman,  WA: 

Washington  State  University,  Environmental  Research  Center,  revised 

September,  1974)  p.  11;  and  G.  Diamonte,  "A  Growth  Projection  for  Electric 

Demand  in  San  Diego  County  to  the  End  of  the  Century,"  Report  EC-E-1 , 

University  of  California,  San  Diego,  August,  1973,  jr[  S.S.  Penner  and 

L.  Icerman,  Energy  (Reading,  MA:  Addison  Wesley,  1974).  These  studies 

are  discussed  in  more  detail  in  Hinman,  et  al . ,  Part  II,  and  in  Thomas 

Power,  Working  Paper  #1,  pp.  53-55. 
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Montana  University  Coal  Demand  Study 

Two  approaches  to  the  estimation  of  the  demand  for  electric  energy 
in  the  NGP  market  area  were  used  in  this  study.  While  the  preceding 
survey  demonstrated  a  wide  range  in  the  estimates  of  future  growth,  all 
studies  which  take  into  account  the  price  sensitivity  of  demand  show  a 
decline  from  the  historical  7%  growth  rate.  The  highest  projections 
(technologically  optimistic  with  respect  to  the  efficiency  of  electrical 
generation)  indicate  about  a  5%  annual  increase.  The  lowest  show  a  0-1% 
growth  rate.  As  one  approach  we  chose  1-5%  per  year  growth  in  electrical 
consumption  to  bracket  actual  consumption,  with  3%  the  most  likely,  and 
applied  this  growth  uniformly  to  existing  consumption  in  the  NGP  market 
area.  This  projection  is  tabulated  in  Table  A,  Appendix  II,  for  both 

the  All  FGD  and  All  SCS  market  areas. 

22 
Our  second  approach  was  to  provide  our  own  pnce-sensitive   estimate 

for  the  21 -state  market  area,  based  on  an  econometric  model  developed  by 

L.D.  Chapman,  et  al .    This  model  was  developed  from  annual  observations 

of  data  from  47  states  (North  and  South  Carolina  were  combined)  from  1947 

to  1970.2^ 


What  the  appropriate  measure  of  "the  price"  of  electricity  is  has 
been  widely  debated  by  economists.  Chapman  uses  an  "average"  price.  This 
would  bias  the  estimates  of  elasticities  if  he  were  estimating  an  individual 
household's  demand.  He,  however,  was  aggregating  the  data  on  thousands  of 
households  and  in  this  situation  the  problems  associated  with  representing 
a  declining  block  structure  of  rates  by  a  single  average  price  are 
significantly  reduced. 

^■^T.D.  Mount,  L.D.  Chapman  and  T.J.  Tyrrell,  Electricity  Demand  in 

the  U.S.:  An  Econometric  Analysis,  ORNL-NSF-EP-49  (Oak  Ridge,  TN;  Oak 

Ridge  National  Laboratory,  June,  1973). 

24 
Our  attempts  to  use  a  similar  price-sensitive  model  for  a  15-year 

time  series  on  an  individual  state  were  fruitless.  Generally  only  lagged 

demand  had  a  significant  coefficient.  Mount  et  al .  report  this  to  be  the 

finding  of  most  researchers  working  with  a  single  time  series.  Hence, 

the  need  for  cross-sectional  data  is  demonstrated. 
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The  basic  form  of  the  model  is  given  by: 
or  in  logarithmic  form: 


log  (2„  =  a  +  Mog  e,v_  ,  +  2  /3„,log  v„i,  +  I  y^  -L 

""         1=1  y^jj 

where: 

i   is  the  i^l^  state; 

t   is  the  t^"  year; 

Q   is  the  quantity  of  electricity  demanded; 

V    is  the  level  of  the  ^^   causal  factor;  and 

n 

A,  X,  3,  ...  B   Y,  ...  Y   and  a  are  unknown  parameters. 

I     n   i     n 

The  short  run  elasticity  of  the  n^^   causal  factor  is: 

and  the  long  run  elasticity  is: 

When  Y^  is  constrained  to  be  zero,  then  the  model  is  termed  a  Constant 
Elasticity  Model  (CEM);  if  not,  the  model  is  termed  a  Variable  Elasticity 
Model  (VEM).    In  addition.  Chapman  uses  two  different  techniques  for 
estimating  the  unknown  parameters  in  the  logarithmic  form  of  the  equation 
—   Ordinary  Least-Squares  (OLS)  and  Instrumental  Variables  (IV).    The 
estimated  parameters  for  three  of  the  models  and  estimation  techniques 
investigated  by  Chapman  are  given  in  Table  11.  These  are  designated  in 


^^"Variable"  elasticity  means  that  the  sensitivity  of  electric 
consumption  to  a  change  in  one  of  the  explanatory  variables  is  not  con- 
strained to  be  the  same  for  all  values  of  that  variable:  it  can  change 
with  the  value  of  the  variable.  For  instance,  the  sensitivity  of  con- 
sumption of  electricity  to  changes  in  income  may  depend  on  a  person's 
real  income. 

^^Since  one  of  the  independent  variables  in  the  estimating  equation 
is  the  value  of  the  dependent  variable  lagged  one  year,  a  serious  problem 
with  autocorrelation  in  the  residuals  is  possible.  The  instrumental 
variable  technique  attempts  to  avoid  this  problem. 
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the  following  as  CEM/OLS,  VEM/OLS  and  VEM/IV.  Also  shown  are  the  ex- 
planatory variables  used  and  the  units  of  measurement. 

Table  12,  also  reproduced  from  Chapman's  study,  shows  the  long  run 
elasticities  evaluated  at  1971  values  of  the  variables.  For  the  CEM 
model,  the  mean  level  of  the  elasticity  of  demand  for  all  states  is  -1.21 
to  -1.79  for  electricity  price,  .30  to  .80  for  income,  and  .21  to  .00  for 
the  cross-price  elasticity  with  respect  to  gas. 

Chapman  reports  the  coefficients  X^  &.,  y.   (j=l  ...  4)  on  a  state 
basis,  but  since  the  market  area  for  NGP  coal  contains  only  a  portion  of 
these  regions,  we  therefore  attempted  to  fit  Chapman's  three  models  to 
individual  states  and  made  our  projection  on  a  state-by-state  basis. 
For  this,  the  coefficients  X,  3--  y-,-.  for  j  =  1  to  4  (price  of  appliances 
was  dropped  from  the  models)  were  taken  as  reported  by  Chapman.  The  co- 
efficient a,  a  shift  parameter  unassociated  with  any  of  the  independent 
variables,  was  determined  for  each  model  for  each  class  (Residential, 
Commercial,  Industrial)  within  each  state  to  give  the  best  fit  for  the 
time  period  1967  to  1973. 

Specifically,  a  was  chosen  so  that: 

1973 
t=1967 


where: 


4  4 


37 


TABLE  12 

ESTIMATED  LONG-RUM  ELASTICITIES   FOR  THE  DEMAND  OF  ELECTRICITY 
(Evaluated  at  1971  Factor  Levels) 


Mean  Level 

Class  of 

Factor 

Elasticity 

Estimation 

New 

Tennessee 

for 

Demand 

Model 

Procedures 

York 

All  States 

Residential 

PopulatiDn 

Constant 

OLS 

.9l» 

.9^ 

.9^ 

Variable 

OLS 

1.00 

.99 

.99 

Income 

Constant 

IV 

.96 

.95 

.95 

OLS 

.50 

.50 

.50 

Vari  able 

OLS 

.19 

.21 

.20 

IV 

.17 

.25 

.21 

Price  of 

Constant 

OLS 

-1.21 

-1.21 

-1.21 

Electricity 

Variable 

OLS 

-1.2l» 

-1.10 

-1.20 

IV 

-1.5U 

-  .96 

-I.2U 

Price  of 

Constant 

OLS 

.21 

.21 

.21 

Gas 

Variable 

OLS 

.19 

.19 

.19 

IV 

.15 

.15 

.13 

Price  of 

Constant 

OLS 

-  .56. 

-  .56 

-  .56 

Appliances 

Vari  able 

OLS 

-  .h2 

-  .1*2 

-  .1*2 

IV 

-   .lU 

-  .7U 

-  .7"* 

Commercial 

Population 

Constant 

OLS 

.98 

.98 

.98 

Variable 

OLS 

l.Oll 

1.02 

1.05 

IV 

.99 

^ 

.98 

Incc»iie 

Constant 

OLS 

.00 

.80 

Variable 

OLS 

.95 

.81 

.86 

Price  of 

Constant 

IV 

.8? 

.89 

.83 

OLS 

-1.60 

-1.60 

-1.60 

Electricity 

Variable 

OLS 

-1.65 

-1.12 

-1.56 

IV 

-l.?0 

-l.UO 

-I.U5 

Price  of 

Constant 

OLS 

.05 

.05 

.05 

Gas 

Variable 

OLS 

.06 

.06 

.06 

IV 

.OU 

.ou 

.6k 

Industrial 

Population 

Constant 

olS 

"  1.09 

1.09 

1.09 

Variable 

OLS 

.99 

1.01 

1.01 

IV 

1,02 

1.05 

1.05 

Income 

Constant 

OLS 

.72 

.72 

.72 

Variable 

OLS 

.ho 

.60 

.51 

Price  of 

Constant 

IV 

.50 

.76 

.65 

OLS 

-1.79 

-1.79 

-1.79 

Electricity 

Variable 

OLS 

-1.89 

-1.55 

-1.82 

Price  of 

Constant 

IV 

-1.81 

-1.U6 

-l.?"* 

OLS 

.00 

.00 

.00 

Gas 

Variable 

OLS 

.00 

.00 

.00 

IV 

.06 

.06 

.06 

Source:  Mount,  T.D. ,  Chapman, 
Electricity  Demand  in 
Econometric  Analysis, 


L.    D. ,  Tyrrell ,  T.J. , 
the  United  States:     An 
ORNL-  fISF-  EP-40,   1P73 
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Since  two  regions  as  used  by  Chapman  were  wholly  contained  within 
the  All  FGD  market  for  NGP  coal,  the  coefficient  a  was  determined  for 
these  regions  from  our  7-year  time  series.  These  are  compared  to  the 
a's  determined  by  Chapman  in  Table  13  based  on  his  23-year  series.  As 
can  be  seen,  our  estimates  differ  by  less  than  5%. 

To  compute  the  projected  levels  of  electric  energy  demand  for  a 
given  state  and  class,  independent  projections  of  the  explanatory  variables 
were  obtained.  The  population  and  personal  income  estimates  are  based 
on  the  OBERS  Projections,  Series  E.^^ 

Given  the  uncertainty  surrounding  the  likely  future  levels  of  prices, 
three  sets  of  annual  growth  rates  in  these  prices  were  used.  The  low 
estimate  for  the  price  of  electricity  was  based  on  the  FPC  region-specific 
projection'^^  as  follows: 

West  at        1.08%  per  year 

West-Central  at   .42%  per  year 

South-Central  at   .67%  per  year 

East-Central  at  1.02%  per  year 
The  associated  natural  gas  price  increase  was  set  at  3%,  based  on 
an  estimate  by  the  M.I.T.  Energy  Laboratory  for  gas  price  increases  under 
a  "price  control"  situation. "^^  The  intermediate  increase  was  set  at  3% 


^^1972  OBERS  Projections,  Series  E,  Volume  1  (Washington,  DC:  U.S. 
Water  Resources  Council,  April,  1974). 

^°Rate  of  price  increase  derived  from  FPC,  1970  National  Power 
Survey. 

29policy  Study  Group  of  the  M.I.T.  Energy  Laboratory,  "Energy  Self- 
Sufficiency:  An  Economic  Evaluation,"  Technology  Review,  LXXVI ,  No.  6 
(May,  1974).  
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TABLE  13 
COMPARISON  OF  COEFFICIENT  ALPHA  FOR  REGIONAL  DATA 


A.   West  North  Central  Region 


Chapman 
et  al . 

Wheel i ng- 
Duf field 

Percent 
Difference* 


Residential 

Coirunercial 

Industrial 

:em/ols 

vem/ols 

VEM/IV 

CEM/OLS 

VEM/OLS 

VEM/IV 

CEM/OLS 

VEM/OLS 

VEM/IV 

.5056 

.5404 

1.8319 

.6180 

.8340 

3.6629 

.4374 

1.0640 

5.8895 

.5040 

.5286 

1.8109 

.5861 

.7884 

3.5133 

.4322 

1.0744 

5.9549 

-0.31 

-2.18 

-1.14 

-5.16 

-5.46 

-4.08 

-1.18 

0.97 

1.11 

B.   West  South  Central  Region 


Chapman 
et  al . 

Wheel ing- 
Duffield 

Percent 
Difference* 


Residential 

Coiimiercial 

Industria" 

CEM/OLS 

VEM/OLS 

VEM/IV 

CEM/OLS 

VEM/OLS 

VEM/IV 

CEM/OLS 

VEM/OLS 

VEM/IV 

.5175 

.5492 

1.8190 

.6381 

.8484 

3.6860 

.4639 

1.0876 

6.0289 

.5388 

.5603 

1.8416 

.6155 

.8248 

3.6738 

.4400 

1.0802 

5.9378 

4.11 

2.02 

1.24 

-3.54 

-2.78 

-0.33 

-5.15 

-0.68 

-1.51 

'^Calculated  as  (Wheel ing-Duffield  minus  Chapman)/Chapman. 


40 

for  electrical  and  5%  for  gas  and  the  high  at  5%  and  77,  annual  increase 

for  electricity  and  gas,  respectively.  These  numbers  reflect  the  range 

used  in  several  recent  studies. "^^  The  effect  of  constant  prices  (0%  rate 

of  growth)  was  also  projected. 

It  is  difficult  to  assess  the  reasonableness  of  the  various  price 

assumptions.  Some  weighing  of  technological  advance  (MHD,  fluidized  bed, 

combined  cycles,  standardization,  etc.)  against  rising  environmental 

control  costs,  rising  fuel  costs,  decreasing  utilization  (peak  load 

growth)  and  regulatory  policy  is  necessary.  As  an  example,  the  results 

of  an  econometric  study  by  Paul  MacAvoy  showing  the  effect  of  alternative 

regulatory  policy  on  natural  gas  prices  is  summarized  in  Table  14. 

TABLE  14 

NATURAL  GAS  PRICES  UNDER  ALTERNATIVE  REGULATORY  ACTIONS  ^^ 


Average  Wholesale  Price  (<:/Mcf)  Annual  Rate  of 

Price  Increase 

Policy           1972            1980  to  1980 

Cost  of  Service 

Regulation          33.6            48.0  4.49 

Regulatory 

Status  Quo           33.6            54.6  6.25 


Deregulation         33.6  64.9  8.22 


^^Duane  Chapman,  et  al . ,  "Electric  Demand  and  Utility  Capacity 
Planning,"  Cornell  Agricultural  Economics  Staff  Paper,  No.  73-23  (November, 
1973)  and  Duane  Chapman  and  Timothy  Mount,  "Electric  Demand  and  the 
Financial  Problems  of  Electric  Utilities,"  Cornell  Agricultural  Economics 
Staff  Paper,  No.  74-25  (September,  1974). 

^Vaul  W.  MacAvoy  and  Robert  S.  Pindyck,  "Alternative  Regulatory 
Policies  for  Dealing  with  the  Natural  Gas  Shortage,"  Bell  Journal  of 
Economics  and  Management  Science,  Vol.  4,  No.  2  (Autumn,  1973)  pp.  454- 
498. 

32ibid.,  pp.  489-493. 
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These  data  support  a  rapid  growth  in  real  natural  gas  prices. ^-^ 

A  more  sophisticated  treatment  of  the  substitution  between  natural 
gas  and  coal  would  take  account  not  only  of  the  usual  cross  elasticity 
between  these  substitutes,  but  also  of  the  fact  that  in  recent  years 
there  has  been  a  shortage  of  gas.  Thus,  while  a  higher  gas  price  makes 
gas  less  attractive,  the  anticipated  increased  supply  of  qas  made  available  as  a 
result  of  higher  gas  prices,  but  still  at  costs  per  BTU  far  below  coal- 
fired  electricity  prices,  will  in  fact  reduce  coal's  market  to  some 
extent.  The  effect,  over  some  range  of  gas  price  increases,  is  to  reverse 
the  normal  positive  impact  of  a  rise  in  gas  prices  on  the  demand  for  coal. 

MacAvoy  and  Pindyck  project  that  at  61  cents  per  million  BTU,  gas 
production  would  be  increased  by  5.9  trillion  cubic  feet  over  production 
with  strict  cost  of  service  regulation.  So,  at  a  price  still  far  below 
the  cost  of  electrical  energy  from  coal,  this  additional  incremental  price 
rise  of  just  1.97%  per  year,  over  eight  years,  is  projected  to  bring  forth 
the  energy  equivalent  of  about  348  million  tons  of  coal  per  year.  How 
long  this  extra  production  could  continue  is  a  question  not  answered  by 
MacAvoy  and  Pindyck.  But  while  the  extra  production  occurred,  production 
of  NGP  coal  could  be  substantially  reduced.  This  is  provided  as  a  warning. 
In  the  following  projections  we  have  not  attempted  to  adjust  for  this 
possibility. 


^•^In  Part  II,  our  price  assumptions  are  also  compared  to  a  study  of 
the  Pacific  Northwest  by  Butcher  et  al . 
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The  results  of  our  analysis  are  summarized  in  Table  15  in  terms  of 
projected  growth  rates  for  electric  consumption  for  all  permutations  of 
the  following  four  categories: 

1.  Two  market  areas:  21  states  comprising  the  All  FGD  market 
for  NGP  coal,  and  13  states  comprising  the  All  SCS  market; 

2.  Three  classes:  Residential,  Commercial  and  Industrial; 

3.  Three  models:  CEM/OLS,  VEM/OLS,  VEM/IV;  and 

4.  Three  growth  rates  for  the  real  prices  of  electricity  and 
natural  gas:  low,  moderate  and  high. 

As  a  generalization,  for  the  low  price  increase  CEM/OLS  and  VEM/OLS  models 
project  declining  future  growth  rates  in  electric  consumption  of  5%  1974- 
1980,  3%  1980-1990  and  2%  thereafter.  The  VEM/IV  model  projects  approxi- 
mately half  this  growth  rate.  The  effect  of  even  higher  prices  is  an 
actual  decline  in  future  years. 

In  comparing  the  models,  it  should  be  noted  that  the  estimated 
residual  variance  in  Chapman's  pooled  cross-sectional  and  time  series  fit 
(see  Table  15)  is  the  largest  for  VEM/IV.  An  analysis  of  our  state-specific 
time  series  fit  for  1967-1973  shows:  (1)  The  Residential  sector  gives  ex- 
cellent fit  for  all  models.  The  degree  of  similarity  among  the  models  in 
this  sector  is  striking.  (2)  In  the  Commercial  sector,  CEM/OLS  and  VEM/OLS 
give  good  fits.  The  VEM/IV  model  in  almost  all  states  gives  a  large 
overestimate  of  demand  in  1973  (8-40%:  especially  large  relative  to  errors 
in  other  years).  (3)  The  Industrial  sector,  at  best,  gives  a  fair  fit 
for  CEM/OLS  and  VEM/OLS.  The  VEM/IV  model  gives  poor  fit,  again  with  a 
large  overestimate  in  1972.  One  might  conclude  that  an  additional  varia- 
ble such  as  an  index  to  regional  industrial  activity  is  needed.  (4)  Models 
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TABLE  15 

ELECTRIC  CONSUMPTION  GROWTH  RATES  SUMMARY 
Price-Sensitive  Model 


Price  Increase 

Assumption 
(Electric,  gas) 

Model 

Percentage 
1974-79 

Annual  Rate 
1979-89 

of  Growth 
1989-99 

A.  All  FGD  Market 

1.  (FPC,  3%) 

CEM/OLS 

5.66 

3.27 

1.99 

VEM/OLS 

5.17 

2.90 

1.71 

VEM/IV 

2.21 

1.29 

0.99 

2.  (3%,  5%) 

CEM/OLS 

4.33 

0.77 

-1.06 

VEM/OLS 

3.94 

0.49 

-1.41 

VEM/IV 

-0.49 

-1.84 

-2.42 

3.  (5%.  7%) 

CEM/OLS 

3.20 

-1.29 

-3.47 

VEM/OLS 

2.88 

-1.68 

-4.22 

VEM/IV 

-2.78 

-4.63 

-5.48 

B.  All  SCS  Market 

1.  (FPC,  3%) 

CEM/OLS 

6.13 

3.43 

2.03 

VEM/OLS 

5.56 

3.12 

1.86 

VEM/IV 

2.47 

1.39 

1.06 

2.  (3%,  5%) 

CEM/OLS 

4.81 

0.96 

-0.99 

VEM/OLS 

4.49 

0.92 

-1.09 

VEM/IV 

0.06 

-1.50 

-2.18 

3.  (5%,  7%) 

CEM/OLS 

3.68 

-1.11 

-3.41 

VEM/OLS 

3.53 

-1.14 

-3.91 

VEM/IV 

-2.03 

-4.20 

-5.28 
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in  general  appear  to  have  difficulty  in  reproducing  a  decline  in  demand 
over  this  time  period.  This  is  especially  evident  in  the  Montana  In- 
dustrial sector.  (5)  Except  that  noted  in  (2)  and  (3),  no  time  bias  was 
observed  (i.e.  no  consistent  overestimate  of  demand  in  early  years,  or 
underestimate  of  demand  in  late  years). 

The  analysis  of  the  time  series  fit  is  summarized  in  Table  16, 
demonstrating  that  the  CEM/OLS  model  is  slightly  better.  The  growth  rates 
estimated  by  this  model  were  used  to  project  future  generation  in  each  of 
the  market  areas  for  all  four  price  assumptions.  The  growth  rate  estimates 
are  shown  in  Table  17.  The  actual  projected  levels  of  generation  in  kilo- 
watt hours  are  found  in  Table  A,  Appendix  II.  In  Figure  5,  our  "constant 
annual  growth  in  electrical  generation"  approach  (at  1%,  3%  and  5%)  and 
our  "price-sensitive"  projections  (at  constant,  FPC  and  3%,  3%  and  5%,  and 
5%  and  1%   real  annual  price  increase  for  electricity  and  gas,  respectively) 
are  plotted.  As  can  be  seen,  the  path  for  constant  prices  is  close  to  the 
5%  growth  projection,  the  low-price  increase  is  close  to  the  3%  growth 
projection,  and  the  intermediate-price  increase  results  in  approximately 
1%  growth. 
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TABLE  16 
,  SUMMARY  ERROR  ANALYSIS 

■k 

Percentage  of  States  with  "Good"  Time  Series  Fit 

1966  -  1973 

CEM/OLS        VEM/OLS        VEM/IV 

Residential  71%  71%  85% 

Commercial  80%  80%  9% 

Industrial  42%  38%  9% 

Average  64%  63%  '         34% 


*Model  time  series  estimate  for  21  states,  with  "good"  fits  being 
those  having  (1)  wi thout-repl acement  estimates  with  maximum  error 
(differing  from  actual  by)  less  than  or  equal  to  5%  in  any  given  year, 
and  average  error  less  than  or  equal  to  1%;  and  (2)  with-repl acement 
estimates  (the  previous  year  estimate  rather  than  the  actual  is  used 
for  the  lagged  demand  variable) with  maximum  error  in  any  given  year 
less  than  10%  and  average  error  less  than  2%.  •• 
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TABLE 

17 

ELECTRIC 

CONSUMPTION 

GROWTH  RATES 

SUMMARY 

CEM/OLS  Model 

Annual  Percent 

Price  Change 

(Electric,  Gas) 

1974-1980 

1980-1985 

1985-2000 

A. 

All  FGD  Market 

0%,  0% 

5.86 

4.20 

2.98 

FPC,  3% 

5.45 

3.53 

2.14 

3%,  5% 

4.00 

1.14 

-0.84 

5%,  7% 

2.79 

-0.83 

-3.26 

B. 

All  SCS  Market 

0%,  0% 

6.31 

4.42 

3.08 

FPC,  3% 

5.88 

3.72 

2.20 

3%,  5% 

4.45 

1.36 

-0.75 

5%,  7% 

3.23 

-0.61 

-3.18 

25' 
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Allocating  the  Electric  Energy  Demand  between  Fuels 

The  next  step  in  relating  electric  energy  demand  to  the  consumption 
of  NGP  coal  is  to  allocate  the  projected  demand  between  competing  fuels. 
This  is  probably  the  most  uncertain  step  because  the  fuels  mix  is  not 
simply  a  cost  minimizing  choice  but  is  the  target  of  state  and  U.S. 
federal  and  foreign  government  policies.  The  rate  of  development  (and 
cost,  reliability,  safety,  and  public  acceptability)  of  nuclear  power, 
the  availability  of  oil  (and  natural  gas)  as  boiler  fuels,  the  relative 
cost  of  residual  oil,  the  enforcement  of  ambient  air  pollution  standards 
(forcing  the  use  of  oil  and  natural  gas  as  boiler  fuels),  etc.,  are 
difficult  things  to  predict. 

For  this  step  of  the  analysis  we  took  two  different  approaches. 
The  first  approach  was  to  assume  that  the  share  of  total  generation  that 
is  coal-fired  would  remain  constant  in  the  future.  The  39.0%  share  for 
the  All  FGD  market  and  the  13.8%  share  for  the  All  SCS  market  are  based  on 
the  current  actual  share  of  electrical  generation  fired  by  coal  in  the 
respective  markets.  This  estimate  of  coal -fired  generation  is  given  in 
Appendix  I,  Table  B  for  the  constant  electrical  growth  assumption  and  in 
Appendix  II,  Table  B  for  the  price-sensitive  assumption.  Table  F  in  the 
respective  appendices  gives  the  coal  production  in  millions  of  tons  per 
year  associated  with  the  estimates  of  coal-fired  generation. 

Our  second  approach  to  estimating  coal 's  share  of  total  generation 
was  to  estimate  separately  future  nuclear,  hydroelectric,  gas-  and  oil- 
based  generation  and  allocate  coal  as  the  residual.  Tables  C,  D,  E,  F, 
and  H  in  Appendices  I  and  II  summarize  the  estimates  for  the  residual 
share  approach.  It  was  assumed  that  gas  generation  would  remain  constant 
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at  1973  levels,  and  that  oil-fired  generation  would  be  zero  (currently 
only  3.8%  and  1.5%  of  the  All  FGD  and  All  SCS  markets,  respectively). 

Nuclear  fueled  electric  power  generating  capacity  in  the  Northern 
Great  Plains  coal  market  area  was  projected  for  1980  and  1985  based  on 
published  construction  schedules  for  announced  plants  and  a  review  of  the 
current  status  of  the  nuclear  power  industry  in  general. ^^  Year  2000 
nuclear  generating  capacity  projections  were  based  on  varying  assumptions 
about  the  growth  in  electric  energy  consumption  and  the  assumption  that 
beyond  1985  50%  and  40%  of  all  new  generation  in  the  All  FGD  21 -state  and 
All  SCS  13-state  market  areas  respectively  would  be  nuclear  fueled.  The 
projections  of  nuclear  generating  capacity  made  in  this  study  are  generally 
lower  than  previously  published  reports.  The  major  hypothesis  underlying 
the  projections  made  here  is  simply  that  the  growth  in  electric  energy 
consumption  in  the  United  States  will  be  lower  than  the  recent  historic 
trend.  Other  assumptions  are  that  the  current  slippage  in  nuclear  power 
plant  construction  from  planned  construction  schedules  will  not  be  rapidly 
reversed  and  that  there  will  be  no  dramatic  rapid  improvement  in  the  average 
nuclear  power  plant  capacity  factor. 

Projections  of  hydroelectric  generating  capacity  in  the  NGP  coal 
market  area  for  1980  and  1985  were  also  based  on  published  construction 
schedules.  The  projection  for  the  year  2000  is  based  on  a  review  of  the 
hydroelectric  power  resources  (potential  dam  sites)  both  within  the 
Northern  Great  Plains  coal  market  area  and  in  the  entire  United  States  along 
with  an  assessment  of  various  existing  year  2000  projections.  The  year  2000 
projections  presented  here  are  based  on  the  assumption  that  there  will  be 


■^'^The  nuclear  and  hydroelectric  estimates  are  discussed  more  fully  in  John 
McBride,  Working  Papers  #6  and  #7,  and  in  Arnold  Silverman,  Working  Paper 

#5. 
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\/ery   little  hydroelectric  power  development  in  Alaska,  and  that  the 
social  and  economic  benefits  of  the  remaining  free  flowing  rivers  in  the 
continental  United  States  will  begin  to  outweigh  the  benefits  of  hydro- 
electric power  generation.  Between  1985  and  2000,  only  10,000  MW  of 
additional  hydroelectric  generating  capacity  was  projected  to  be  developed. 
Sixty  percent  of  this  capacity  was  projected  to  be  in  the  All  FGD  NGP 
coal  market  area  and  55%  in  the  All  SCS  market  area. 

These  two  approaches  to  projecting  the  fuel  mix  expected  in  electrical 
generation  in  the  future  differ  primarily  in  the  assumptions  they  make 
about  the  expansion  of  nuclear  generating  facilities.  Implicit  in  the 
assumption  that  coal  retains  its  1973  share  of  electrical  generation  is 
a  projection  of  nuclear  generation.  Table  18  compares  this  implicit 
nuclear  projection  with  our  direct  one  for  the  21-state  All  FGD  market. 

If  coal-fired  generation  is  to  hold  to  its  1973  share  of  electric 
generation  while  gas-fired  generating  capacity  is  held  constant,  oil-fired 
generation  goes  to  zero,  and  hydro  increases  only  moderately,  nuclear 
generating  capacity  would  have  to  increase  somewhat  faster  than  the  growth 
in  consumption  of  electricity.  Given  the  lead  times  involved,  we  already 
know  what  the  maximum  nuclear  generation  could  be  in  1980  (and  probably 
in  1985).  This  information  for  1980  indicates  that  nuclear  generation 
will  expand  as  fast  or  faster  than  electric  consumption  only  if  there  is 
^ery   low  growth  in  electric  consumption.  This  is  the  reason  that  the 
"indirect"  nuclear  figures  based  on  the  constant  share-to-coal  assumption 
are  in  the  same  range  as  our  direct  estimates  of  nuclear  generation  in 
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TABLE  18 
NUCLEAR  ELECTRIC  GENERATION  PROJECTIONS 
All  FGD  Market 


Growth 

Coal  Retains 
Electrical 

(Billions  of  kil( 
1973  Share  of 
Generation! 

Dwatt  hours/year) 

p 

Direct  Estimate 

Assumption 

1973 

1980 

1985 

2000 

1973    1980 

1985 

2000 

Constant  growth 
in  electric 
consumption 
(%  per  year) 

1% 

37.1 

65.1 

85.4 

147.1 

37.1    98.0 

308.0 

378.6 

3% 

37.1 

135.0 

217.8 

551.4 

37.1    98.0 

308.0 

595.7 

5% 

37.1 

213.5 

381.7 

1221.0 

37.1    98.0 

308.0 

1010.2 

Price-Sensitive 
projections 
{i   change  in 
electric  and  NG 

prices  per 
year) 

0%,  0% 

37.1 

250.1 

396.8 

826.6 

37.1    98.0 

308.0 

675.6 

FPC,  3% 

37.1 

232.4 

350.2 

616.9 

37.1    98.0 

308.0 

542.0 

3%,  5% 

37.1 

173.1 

203.1 

111.2 

37.1    98.0 

308.0 

308.0 

5%,  7% 

37.1 

127.3 

101.5 

-117.0 

37.1    98.0 

308.0 

308.0 

^1973  actual  data.  1980,  1985  and  2000  calculated  as  [Table  A  -  Table  B  -  Table  C 
236.5  KWH/yr].  Tables  A,  B  and  C  in  Appendix  I  and  II.  See  footnote  6,  p.  136. 

2 
Table  D  in  Appendix  I  and  II. 
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1980  only  for  low  rates  of  growth  of  electric  consumption  {^%-3%   per  year) 
or  high  rates  of  increase  in  electricity  prices  (5%  per  year).  Any  faster 
rates  of  growth  in  electric  consumption  would  require  far  more  nuclear 
construction  by  1980  than  is  planned  if  coal  is  to  maintain  its  1973  share. 
This  suggests  that  the  1980  coal-fired  figures  derived  from  the  constant 
share-to-coal  assumption  may  be  too  low.  For  1985,  the  planned  nuclear 
construction  schedule  would  allow  coal  to  maintain  its  share  if  moderate 
rates  of  expansion  of  electricity  consumption  take  place  (3%-5%  per  year) 
or  if  moderate  electric  price  increases  take  place  (l%-2%  per  year). 
The  two  different  nuclear  projections  for  the  year  2000  are  quite  similar 
for  moderate  and  high  rates  of  growth  (3%  and  5%  per  year)  in  electric 
consumption.  Since  the  direct  nuclear  estimates  for  1985  assume  such 
growth,  it  is  not  surprising  that  these  direct  estimates  are  much  larger 
than  the  indirect  nuclear  estimates  for  low  rates  of  growth. 

Allocating  the  Demand  for  Coal  Among  Alternative  Sources 

The  final  element  in  the  projection  is  to  estimate  the  share  of  coal 
demand  in  the  NGP  market  region  that  will  be  met  by  NGP  coal.  Again,  the 
implications  of  two  alternative  assumptions  were  examined:  (1)  that  NGP 
supplies  a  share  equal  to  its  contract-based  share  in  1980,  or  (2)  that 
NGP  continues  to  supply  contracts  existing  in  1973  plus  all  increases  in 
demand  for  coal  (all  new  coal-fired  generation)  after  1973. 

The  basis  of  both  these  approaches,  and  our  specific  projection  for 
1980,  is  our  index  of  coal  contracts  for  the  Northern  Great  Plains. 
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The  contract  data  have  been  gathered  from  a  wide  variety  of  sources, 
including  directories  assembled  by  the  Wyoming  Geological  Survey,  the 
Montana  Energy  Advisory  Council,  news  releases  and  articles,  environ- 
mental impact  statements  and  assessments,  and  certified  statements  entered 
into  official  administrative  proceedings.  These  contract  data  represent 
the  best  information  publicly  available  regarding  contracts  for  NGP  coal. 
There  is  no  required  public  disclosure  of  contracts  or  contract  stipu- 
lations. 

It  must  be  recognized  that  current  contract  data  have  many  short- 
comings since  new  contract  agreements  are  pending  and  renegotiation  of 
existing  contracts  can  occur.  In  addition,  contract  totals  are  subject 
to  error  as  a  result  of  duplication  in  the  literature  because  of  company 
subsidiary  listing  being  difficult  to  detect  and  reconcile,  and  nonreporting, 
The  contract  values  listed  are,  therefore,  low  as  a  rule. 

The  contract  data  must  be  continually  updated  for  validity.  It  is 
expected  that  additional  contract  data  for  the  Northern  Great  Plains  will 
become  available  in  the  next  few  months,  giving  us  an  opportunity  to 
further  validate  the  data  used  in  this  study  and  to  fill  in  existing  gaps. 
Based  on  the  firm  minimum  contract  estimate,  our  1980  coal  production  for 
electric  generation  projection  is  135.7  million  tons.  This  figure,  which 
is  a  conservative  estimate,  is  the  basis  of  the  alternative  coal  production 
scenarios  outlined  below.  The  "contract-based  share"  in  the  coal  source 
assumption  mentioned  previously  is  calculated  by  taking  the  ratio  of  the 
actual  coal  contracts  in  1980  (135.7  million  tons)  to  the  projected  total 
coal  demand  for  electrical  generation  at  5%  growth  (202,2  million  tons 
for  the  constant  share  case  [see  Table  G,  Appendix  I]  and  260.8  million 
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tons  for  the  residual  share  case  [see  Table  H,  Appendix  I]).  In  Summary 
Table  1,  page  5,  the  contract  shares  at  all  growth  levels  are  displayed; 
however,  only  the  .67  and  .52  shares  at  5%  were  used  in  allocating  1985 
and  2000  demand  for  coal.  We  reason  that  coal  contracts  and  plans  for 
future  nuclear  and  hydroelectric  generation  construction  assume  at  least 
a  5%  growth  rate  through  1980.  While  this  may  or  may  not  be  a  case  of 
bad  judgment  on  the  part  of  utility  managers,  coal  contracts  and  power 
plant  construction  contracts  have  committed  the  utilities  to  at  least  this 
5%  growth  in  generating  capacity  through  1980.  We  use  these  contracts 
and  commitment  in  1980  as  our  base.  This  amounts  to  assuming  that  the 
share  of  electric  generation  fired  by  coal  or  the  share  of  that  coal  being 
purchased  in  the  NGP  will  not  vary  with  the  level  of  electric  energy  demand 
but  will  hold  to  the  mix  indicated  at  "preferred"  by  the  industry  in  their 
1980  contracts  and  construction  plans. 

Similarly,  in  calculating  the  contract  share  for  the  price-sensitive 
projection  (Summary  Table  2,  page  6),  we  have  used  the  share  corresponding 
to  the  Federal  Power  Commission  projection  of  electricity  price  increase 
and  a  3%  annual  gas  price  increase.  It  is  our  judgment  that  this  set  of 
price  increases  most  closely  approximates  the  increase  assumed  by  industry 
planners,  and  embodied  in  their  construction  and  coal  contract  plans. 

It  should  be  clearly  noted  that  the  data  used  in  our  projections  are 
firm  contract  estimates,  not  "mine  production  estimates".  Mine  production 
estimates  are  the  quantity  of  coal  a  mine  could  produce  at  a  given  time  pro- 
vided contracts  to  sell  that  quantity  existed.  Mine  production 
estimates  are  generally  higher  than  firm  contracts  and  are  often  reported 
by  the  news  media  instead  of  contract  estimates.  Table  19  compares  our 
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contract  estimates  with  mine  production  estimates  for  the  three  Northern 
Great  Plains  states.  For  1980,  the  mine  production  estimate  (minimum) 
is  35%  higher  than  the  contract  estimate.  Table  20  shows  existing  NGP 
coal  contracts  by  state  of  destination. 
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TABLE  19 
NORTHERN  GREAT  PLAINS  COAL  CONTRACT  DATA  SUMMARY 
Production  Estimate  1980  by  State  of  Origin 


State  of 
Origin 


Mine  Production 
Estimate 


Contract 
Estimate 


Montana 


Wyoming 


56.92  million  tons 

101.30  million  tons 
143.50  million  tons 


North  Dakota   24.67  million  tons 
27.47  million  tons 


Total 


182.89  million  tons 
227.89  million  tons 


37.52  million  tons 

min.)    84.26  million  tons  (min.) 
max.)    94.21  million  tons  (max.) 

min.)    13.92  million  tons 
max.) 


min.)   135.70  million  tons  (min.) 
max.)   145.65  million  tons  (max.) 


SOURCE:  William  Tomlinson,  Working  Paper  #4. 
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TABLE  20 
NORTHERN  GREAT  PLAINS  COAL  CONTRACT  DATA  SUMMARY 
Utilization  Estimate  1980  by  State  of  Destination 


State  of  Contracted 

Destination  Supply 


Arkansas  6.75  million  tons 

Colorado  2  -  2.20  million  tons 

Idaho  4.25  -  4.75  million  tons 

Illinois  5.5  million  tons 

Indiana  15  -  18  million  tons 

Iowa  3.05  -  3.55  million  tons 

Kansas  5  million  tons 

Louisiana  4.25  million  tons 

Michigan  7.2  million  tons 

Minnesota  4.45  million  tons 

Missouri  2.35  million  tons 

Montana  14.62  million  tons 

Nebraska  3.6  million  tons 

North  Dakota  13.1  million  tons 

Oklahoma  6.6  million  tons 

Oregon  1.45  million  tons 

South  Dakota  .57  million  tons 

Texas  10.3  -  12.05  million  tons 

Wisconsin  6.15  million  tons 

Wyoming  19.51  -  23.51  million  tons 


SOURCE:  William  Tomlinson,  Working  Paper  #4. 
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Alternative  Scenarios 

Summarizing  the  assumptions  for  the  constant  growth  in  electric 
energy  generation  approach,  the  projected  level  of  NGP  coal  development 
will  depend  on  the  geographic  extent  of  the  market  (All  FGD  vs.  All  SCS), 
the  growth  of  electric  energy  demand  (1%,  3%,  or  5%),  the  fuel  mix 
(constant  share  to  coal  or  residua!  to  coal),  and  fuel  source  (all  new 
coal  demand  or  a  constant  1980  contract  share).  This  set  provides  24 
permutations  for  each  projected  year  as  suggested  by  Table  21 . 

TABLE  21 
RELATIONSHIP  OF  ASSUMPTIONS  TO  PROJECTION 


Market  and 
Growth  Assumptions 


Table 


Fuel  Mix  and 
Source  Assumptions 


All  FGD  Market  1%  ) 
3%  ) 
5%  ) 


All  SCS 


1%  ) 
3%  ) 
5%  ) 


I 
J 


K 
L 


Constant  Coal  Share  )  NGP  supplies 
Coal  Share  Residual  )   1980  share 


Constant  Coal  Share  )  NGP  supplies 
Coal  Share  Residual  )     all  new 


The  calculations  related  to  each  of  the  methodological  steps  dis- 
cussed above  are  given  in  Appendix  I.  The  actual  projections  are  found 
in  Tables  I,  J,  K  and  L,  based  on  the  four  possible  combinations  of  fuel 
mix  and  fuel  source  situations  (for  each  of  the  two  market  and  three 
growth  assumptions).  Since  the  coal  source  assumption  that  the  NGP 
supplies  all  new  coal-fired  electric  generation  but  none  of  the  plants 
already  in  operation  in  1973  which  were  using  midwest  coal  gives  1980 
results  which  are  much  less  than  half  our  firm  contract  estimate  (see 
Tables  K  and  L  in  Appendix  I),  this  permutation  does  not  appear  to  be 
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reasonable.  Similarly,  as  a  methodological  step,  we  calculated  the  coal 
demand  in  the  market  area  if  NGP  supplies  all  coal  in  its  market  area, 
rather  than  its  1980-based  contract  share.  These  numbers  are  given  in 
Appendix  I,  Tables  G  and  H. 

Since  our  1980  projection  is  based  on  firm  contracts  (for  135.7 
million  tons),  the  permutation  corresponding  to  this  contract-based  share 
of  the  coal  fuel  supply  continuing  to  be  supplied  by  the  NGP  in  future 
years  appears  most  reasonable  to  use.  In  Table  22,  Tables  I  and  J,  from 
Appendix  I,  corresponding  to  this  permutation  are  reproduced. 

Part  A  of  Table  22  shows  the  projection  for  the  fuel  mix  assumption 
that  coal  will  continue  to  fuel  its  current  share  of  total  generation  in 
the  NGP  market  area.  Our  1980  contract  estimate  is  88%,  77%  and  67%  of 
the  total  demand  for  coal  in  the  market  area  at  1%,  3%  and  5%  growth, 

respectively.  As  discussed  previously,  we  have  used  the  share  at  5% 
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growth  for  the  1985  and  2000  projections.    Part  B  shows  the  projection 

for  the  residual  share  fuel  mix  assumption--based  on  coal  being  allocated 
a  residual  share  of  all  generation  after  the  shares  for  oil,  gas,  hydro- 
electric and  nuclear-fueled  generation  are  projected  independently.  In 
this  case,  our  1980  contract  estimate  is  99%,  69%  and  52%  of  the 
respective  growth  level  projections  for  total  coal  demand. 

In  choosing  between  alternative  fuel  mix  assumptions,  the  residual 
fuel  mix  approach  shows  a  decline  for  1985  and  2000  at  low  levels  of 
growth.  This  follows  from  the  fact  that  actual  planned  nuclear  and 
hydroelectric  generating  capacity  is  based  on  the  assumption  of  a  high 
level  of  annual  electric  growth--5%  or  more.  Therefore,  at  low  levels  of 
growth  the  residual  share  to  coal  is  unreasonably  small  and  even  nega- 
tive (shown  as  zero)  for  the  Partial  FGD  market  estimate.  This  inconsistency 


See  page  54. 
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TABLE  22 

COAL  PRODUCTION  IN  THE  NORTHERN  GREAT  PLAINS 
BASED  ON  CONSTANT  GROWTH  IN  ELECTRICAL  GENERATION 
AND  THE  1980-BASED  CONTRACT  SHARE  OF  ALL  COAL  DEMAND 


PART  A:  Coal  Production  based  on  the  Assumption  of  a  Constant  Share  to 
Coal  vis-a-vis  Other  Fuels* 


Growth  in 

Electrical 

Production 

1980 
NGP  Coal 
Share 

1980 

(Millions  of  Tons) 
1985 

2000 

All  FGD 

Market  Estimate* 

1% 
3% 

5% 

.88 
.77 
.67 

135.7 
135.7 
135.7 

108.5 
137.3 
172.9 

126.0 
213.8 
359.5 

Partial 

FGD  Estimate 

1% 
3% 
5% 

.88 
.77 
.67 

135.7 
135.7 
135.7 

34.4 
63.1 
98.8 

51.8 
139.8 
285.4 

PART  B:  Coal  Production  based  on  the  Assumption  that  the  Residual  Share 
of  the  Fuel  Mix  within  the  NGP  Market  Area  will  be  filled  by 
Coal  Fired  Generation 


Growth  in 

Electrical 

Production 

1980 
NGP  Coal 
Share 

1 
1980 

(Mill 

ions  of  Tons) 
1985 

2000 

All  FGD 

Market  Estimate 

1% 

3% 

5% 

.99 
.69 
.52 

135,7 
135.7 
135.7 

25.4 

82.8 

153.7 

36.7 
154.0 
334.7 

Partial 

FGD  Estimate 

1% 
3% 
5% 

.99 

.69 
.52 

135.7 
135.7 
135.7 

0 

19.9 
90.8 

0 

91.2 
271.8 

*Our  "most  likely"  assumptions  and  projections, 
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in  growth  assumptions  suggests  to  us  that  the  constant  share  to  coal 
permutation  is  most  reasonable  for  it  does  not  force  the  mix  of  fuels 
to  vary  with  the  level  of  electric  generation.  It  may  be  noted  that  the 
interfuel  substitution  aspect  is  probably  the  weakest  part  of  our  analy- 
sis. We  were  forced  by  constraints  on  time  and  funding  to  rely  in  this 
case  on  secondary  sources  rather  than  develop  our  own  model . 

Concerning  the  electrical  demand  growth  assumption,  the  1%  level 
appears  quite  unlikely.  The  most  reasonable  level  of  growth  probably 
is  3%  to  5%. 

For  both  market  estimates,  our  1980  figure  is  based  on  firm  con- 
tracts at  135.7  million  tons.  However,  the  "Partial  FGD"  estimate  for 
1985  and  2000  is  the  projected  demand  if  SCS  are  allowed  on  existing 
plants.  As  can  be  seen  in  Table  L,  this  change  in  current  policy  would 
result  in  a  drastic  decline  in  coal  production  in  1985  and  2000.  Demand 
by  new  plants  in  the  entire  All  FGD  market  area  would  continue  to  be 
satisfied  by  NGP  coal,  but  demand  by  existing  plants  would  be  economical 
only  in  the  13-state  area.  (In  Appendix  II,  we  have  also  included  an  even 
smaller  All  SCS  market  projection  in  many  of  the  tables.  This  set  corre- 
sponds to  the  case  where  the  consumption  by  both  existing  and  new  plants  is 
limited  to  the  smaller  13-state  area.)  Given  present  policy,  the  All  FGD 
market  estimate  appears  most  reasonable.     ; 

We  would  conclude  that  the  permutation  corresponding  to  our  All  FGD 
market,  constant  share  to  coal  vis-a-vis  other  fuels,  1980-based  contract 
share  of  this  coal  to  the  NGP,  and  3%  and  5%  electrical  growth  is  the 
most  reasonable  projection.  These  numbers  are  shown  in  Table  22. 
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For  the  price-sensitive  case,  a  corresponding  set  of  calculations 
are  found  in  Appendix  II.  This  projection  is  summarized  in  Table  23, 
based  on  our  alternative  levels  of  future  electricity  and  gas  prices: 
constant  or  0%  annual  growth,  approximately  1%  electricity  (based  on 
region-specific  FPC  numbers)  and  3%  gas,  3%  electricity  and  5%  gas, 
and,  finally,  5%  electricity  and  7%  gas.  Again,  the  most  reasonable 
projection  corresponds  here  to  the  FPC,  3%  price  increase  case  and  the 
3%,  5%  case  and  the  same  set  of  market,  fuel  mix,  and  fuel  source  assump- 
tions as  in  Table  22. 

In  Table  22  for  low  (l%-3%)  rates  of  growth  in  electric  consumption, 
the  demand  for  NGP  coal  either  falls  or  remains  almost  constant  between 
1980-1985  indicating  that  the  current  contracts  assume  rapid  expansion  in 
electric  consumption.  The  same  can  be  seen  in  the  price-sensitive  pro- 
jections  of  Table  23  for  rapid  rises  in  the  prices  of  electricity  and 
,   natural  gas.  There  are  important  long  run  differences  between  the  two 
tables,  however.  When  consumption  is  made  price-sensitive  (as  in  Table 
23)  and  prices  are  allowed  to  rise  slowly  but  continuously,  demand  for 
NGP  coal  in  the  long  run  (by  the  year  2000)  grows  only  very  slowly  or  not 
at  all.  The  slowly  rising  energy  prices  have  a  significant  retarding  effect 
on  demand  for  coal.  On  the  other  hand,  if  constant  growth  in  consumption 
is  assumed  (as  in  Table  22),  then  in  the  long  run  even  with  slow  rates  of 
growth  in  consumption  (e.g.  3%   per  year),  the  demand  for  NGP  coal  does 
rise  significantly. 

The  only  difference  between  Tables  22  and  23  is  in  the  electrical 
generation  growth  projection;  the  reader  will  recall  the  comparison  of 
the  results  of  our  two  methods  shown  in  Figure  5,  page  47. 
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TABLE  23 

COAL  PRODUCTION  IN  THE  NORTHERN  GREAT  PLAINS 

BASED  ON  PRICE-SENSITIVE  ESTIMATES  OF  GROWTH  IN  ELECTRICAL  GENERATION 

AND  THE  1980-BASED  CONTRACT  SHARE  OF  COAL  DEMAND 


Price  Sensitive  Coal  Production  based  on  the  Assumption  of  a  Constant 
Share  to  Coal  vis-a-vis  Other  Fuels* 


Annual  Rate  of 

1980 

(Millions  of  Tons) 

Price  Increase 

NGP  Coal 

(Electric,  Gas) 

Share 

1980 

1985 

2000 

All  FGD  Market  Estimate* 

0%,  0% 

.63 

135.7 

171.0 

265.6 

FPC,  3%* 

.65 

135.7 

161.1 

221.3 

3%,  5%* 

.72 

135.7 

130.1 

114.7 

5%,  7% 

.78 

135.7 

108.6 

66.5 

Partial  FGD  Estimate 

0%,  0% 

.63 

135.7 

99.0 

193.6 

FPC,  3% 

.65 

135.7 

89.1 

149.4 

3%,  5% 

.72 

135.7 

58.2 

42.7 

5%,  7% 

.78 

135.7 

36.7 

0 

Price  Sensitive  Coal  Production  based  on  the  Assumption  that  the  Residual 
Share  of  the  Fuel  Mix  within  the  NGP  Market  Area  will  be  filled  by  Coal 
Fired  Generation 


Annual 

Rate  of 

1980 

Price 

Increase 

NGP  Coal 

(Electric, 

Gas) 

Share 

1980 

1985 

2000 

All 

FGD  Market 

Estimate 

0%, 

0% 

.47 

135.7 

151.0 

237.8 

FPC, 

3% 

.49 

135.7 

132.0 

185.5 

3%, 

5% 

.60 

135.7 

72.0 

37.5 

5%, 

7% 

.72 

135.7 

30.5 

0 

Partial  FG[ 

)  Estimate 

0%, 

0% 

.47 

135.7 

91.7 

178.5 

FPC, 

3% 

.49 

135.7 

72.7 

126.3 

3%, 

5% 

.60 

135.7 

12.7 

0 

5%, 

7% 

.72 

135.7 

0 

0 

"'Our  "most  likely"  assumptions  and  projections. 
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The  following  tables  provide  a  projection  of  the  coal  production 
by  state.  Total  production  as  shown  in  the  tables  was  allocated  on  the 
basis  of  each  state's  share  of  coal  production  contracts.  Of  the  135.7 
million  tons  under  contract  for  1980,  37.52  million  will  be  mined  in 

Montana  (27.6%),  13.92  million  tons  in  North  Dakota  (10.3%),  and  84.26 

38 
million  tons  will  originate  in  Wyoming  (62.1%). 

We  will  conclude  here  by  noting  that  our  analysis  is  meant  not 

only  to  project  a  likely  level  of  coal  development  but,  perhaps  more 

importantly,  to  show  the  relationships  among  the  critical  variables 

and  the  sensitivity  of  the  projection  to  changes  in  the  variables.  For 

example,  while  contract  information  certainly  suggests  that  utilities 

are  behaving  as  though  a  lime/ limes tone  scrubber  F6D  system  will  be 

required  (and,  therefore,  suggesting  the  All  FGD  market  definition),  in 

fact,  if  less  stringent  pollution  standards  become  federal  policy,  the 

All  SCS  market  estimate  will  become  relevant. 


38 
William  Tomlinson,  Working  Paper  #4, 
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TABLE  24 


ALLOCATION  OF  NGP  COAL  PRODUCTION  BY  STATE 

BASED  ON  THE  ASSUMPTION  OF  CONSTANT  ELECTRICAL  GENERATION  GROWTH 

AND  THE  1980  CONTRACT  SHARE  OF  COAL  PRODUCTION 


Growth  in 

(Millions 

of  Tons) 

Electrical 

Consumption 

1980 

1985 

2000 

All  1 

-GD  Market 

Estimate 

Montana  (27.6%) 

1% 

37.5 

39, 

.3 

45 

.6 

3% 

37.5 

43, 

.6 

67 

.8 

5% 

37.5 

47, 

.7 

99 

.2 

Wyoming  (62.1%) 

n 

84.3 

88, 

.5 

102, 

.7 

3% 

84.3 

98, 

.0 

152 

.6 

5% 

84.3 

107, 

.4 

223, 

.2 

North 

Dakota  (10.3%) 

n 

14.0 

14, 

.7 

17, 

.0 

3% 

14.0 

16. 

,3 

25, 

.3 

5% 

14.0 

17, 

,8 

37. 

,0 

Partial  FGD  Mar 

ket  Estimate 

37.5 

12. 

,4 

18. 

Montana  (27.6%) 

n 

.8 

3% 

37.5 

20. 

,4 

44. 

,3 

5% 

37.5 

27. 

,3 

78, 

,8 

Wyomi  i 

ng  (62.1%) 

1% 

84.3 

28. 

,0 

42, 

.2 

3% 

84.3 

45, 

.1 

99, 

.8 

5% 

84.3 

61. 

,4 

177, 

.2 

North 

Dakota  (10.3%) 

\% 

14.0 

4. 

,7 

7, 

.0 

3% 

14.0 

7. 

,5 

16, 

,5 

5% 

14.0 

10. 

,1 

29. 

,4 
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TABLE  25 

ALLOCATION  OF  NGP  COAL  PRODUCTION  BY  STATE 
BASED  ON  A  PRICE-SENSITIVE  ESTIMATE  OF  ELECTRICAL  GENERATION  GROWTH 
AND  THE  1980  CONTRACT  SHARE  OF  COAL  PRODUCTION 


Annual 

Rate 

of 

(Millions  of  Ton 

s) 

Price  I 

ncrease 

(Electric, 

Gas) 

1980 

1985 

2000 

All  FGD  Market  Estimate 

Montana  (27.6%) 

0%, 

0% 

37.5 

45.8 

71.0 

FPC, 

3% 

37.5 

44.5 

61.0 

3%, 

5% 

37.5 

39.8 

35.0 

5%, 

7% 

37.5 

36.0 

22.0 

Wyoming  (62.1%) 

0%, 

0% 

84.3 

102.9 

159.8 

FPC, 

3% 

84.3 

100.0 

137.4 

3%, 

5% 

84.3 

89.5 

78.9 

5%, 

7% 

84.3 

80.9 

49.6 

North  Dakota  (10.3%) 

0%, 

0% 

14.0 

17.1 

26.5 

FPC, 

3% 

14.0 

16.6 

22.8 

3%, 

5% 

14.0 

14.8 

13.1 

5%, 

7% 

14.0 

13.4 

8.2 

Partial  FGD  Market  Estimate 

Montana  (27.6%) 

0%, 

0% 

37.5 

26.4 

51.8 

FPC, 

3% 

37.5 

24.5 

41.2 

3%, 

5% 

37.5 

17.8 

13.0 

5%, 

7% 

37.5 

12.1 

0 

Wyoming  (62.1%) 

0%, 

0% 

84.3 

59.3 

116.6 

FPC, 

3% 

84:3 

55.3 

92.8 

3%, 

5% 

84.3 

40.0 

29.4 

5%, 

7% 

84.3 

27.3 

0 

North  Dakota  (10.3%) 

0%, 

0% 

14.0 

9.8 

19.3 

FPC, 

3% 

14.0 

9.2 

15.4 

3%, 

5% 

14.0 

6.6 

4.9 

5%, 

7% 

14.0 

4.5 

0 
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B.  Forecasting  Coal  Gasification  Activity 
in  the  Northern  Great  Plains 


Introduction 


Interest  in  the  gasification  of  coal  has  grown  substantially  in  the 
last  few  years  as  natural  gas  use  in  the  United  States  has  increased 
while  proved  reserves  have  fallen.   Since  the  states  of  Montana,  Wyoming 
and  North  Dakota  have  large  supplies  of  coal,  accessible  by  stripping  at 
relatively  low  cost,  much  of  the  nation's  interest  is  focused  in  this 
region.  Water,  another  crucial  input  to  coal  gasification,  also  is 
available,  though  the  social  cost  of  using  water  in  this  fashion  is  being 
vigorously  debated.  The  extent  of  coal  gasification  over  the  next  sever- 
al years  will  do  much  to  determine  the  total  impact--f eared  by  some, 
desired  by  others--which  coal  development  will  have  on  the  region. 

The  history  of  coal  gasification  technology  goes  back  to  1670. '^ 
Probably  the  most  thoroughly  proven  technology  is  that  used  in  Lurgi 
units,  of  which  fifty  have  been  built.  To  make  pipeline  quality  gas, 
having  about  1,000  BTU  per  standard  cubic  foot  (scf),  however,  requires 
a  further  process,  methanation,  which  is  not  yet  in  commercial  use. 
New  technologies  are  also  being  explored,  but  the  first  plants  are  ex- 
pected to  use  the  Lurgi  process  with  methanation. 

The  decision  as  to  how  much  coal,  water,  capital,  and  other 


The  total  reserves-to-annual  production  ratio  fell  from  18.9  in 
1963  to  9.7  in  1973.  FPC,  "Future  Domestic  Natural  Gas  Supplies," 
National  Gas  Survey  (preliminary  draft)  Vol.  1,  Ch.  9  (Washington,  DC: 
Federal  Power  Commission,  1975). 

^For  a  brief  history  and  description  of  coal  gasification  and  tech- 
nology, see  FEA,  "Synthetic  Fuels  from  Coal,"  Project  Independence  Report 
(Washington,  DC:  Government  Printing  Office,  November,  1974). 
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resources  to  devote  to  coal  gasification  is,  of  course,  an  economic 
decision.  To  predict  the  time  path  of  gasification  development,  one 
must  consider  both  the  cost  and  the  value  of  the  product.  It  is  also 
true  that  simple  managerial  economics  are  insufficient  in  this  case  to 
yield  good  predictions.  Governmental  regulation  of  gas  production, 
pricing  and  distribution,  as  well  as  plant  siting,  water  use,  and  other 
aspects  of  plant  location,  makes  this  a  question  of  political  economy. 
The  forecaster's  judgments  must  be  tempered  by  recognition  of  non- 
market  determinants  of  coal  gasification's  development.  Still,  the 
purely  economic  factors  seem  likely  to  have  a  powerful  influence.  If 
expected  costs  are  \/ery  much  higher  than  expected  product  value,  it 
seems  unlikely  that  extensive  development  will  occur.  Likewise,  costs 
which  are  quite  low,  relatively,  would  be  expected  to  militate  persis- 
tently for  development  of  facilities.  Even  though  government  has  the 
power  to  grant  enormous  subsidies,  or  to  tax  what  may  be  low-cost  al- 
ternatives out  of  existence,  we  believe  that  when  the  costs  clearly  are 
too  great,  a  program  is  unlikely  to  be  undertaken--and  that  the  reverse 
holds  true,  also. 

Coal  Gasification  Costs 

Since  commercial -scale  plants  to  make  substitute  natural  gas  (SN6) 
from  coal  have  never  been  built  in  the  United  States,  there  is  substan- 
tial uncertainty  concerning  costs.  However,  the  Synthetic  Fuels  from 
Coal  Task  Force  Report  of  the  Project  Independence  Blueprint  provides 
cost  estimates  for  high-BTU  gas  plant  construction.  Both  capital  re- 
quirements and  projected  fuel  prices  are  uniquely  usable  in  that 
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breakdowns  of  component  costs  are  given  along  with  the  projections. 
Those  projections  are  the  basis  for  the  following  cost  estimates. 

In  late  1973  dollars,  total  capital  requirements  for  a  23  billion 
BTU/day  (approximately  250  million  cubic  feet/day)  plant  with  methana- 
tion  were  estimated  at  $427,097  million.   Assuming  coal  costs  of  $4.00 
a  ton,  and  internal  utility  financing  at  9%,  a  unit  price  of  $1.44/MMBTU 
was  derived.  When  these  assumptions  are  updated,  with  capital  investment 
at  $800  million,^  coal  at  $4.50  per  ton,^  and  using  updated  operating 
costs  figures,  the  cost  rises  to  $2.18  per  MMBTU,  in  late  1974  dollars.^ 

Estimates  assuming  other  than  internal  utility  financing  project 
a  considerably  higher  price  of  gas  from  the  same  plant.  Given  the  un- 
certainty involved,  traditional  utility-style  financing  appears  to  be 

Q 

inappropriate.  Project  Independence  arrives  at  a  price  of  $2.55/MMBTU° 
when  the  plant  is  investor-financed  with  a  15%  discounted  cash  flow 
(DCF).  This  figure  is  projected  under  cost  assumptions  similar  to  the 
$1.44  figure  which  assumes  utility  financing.  If  the  15%  DCF  numbers 


^FEA,  "Synthetic  Fuels  from  Coal,"  Project  Independence  Report, 
p.  35. 

^Ibid.,  p.  36. 

^From  a  conversation  with  Dr.  Seay,  American  Institute  of  Gas 
Technology,  concerning  the  proposed  Four  Corners  area  and  North  Dakota 
coal  gasification  projects. 

"An  aggregate  figure  of  14  million  tons  of  bituminous  coal  shipped 
from  Montana  mines  in  1974,  as  reported  by  Mr.  King,  Montana  Bureau  of 
Mines,  in  a  telephone  conversation,  July  24,  1975. 

'A  more  recent  and  concrete  estimate  of  unit  price  comes  from  the 
American  Natural  Gas  Company,  proposing  a  Lurgi  plant  in  North  Dakota. 
Their  current  estimate  is  $2.58/Mcf  (roughly  comparable  to  and  slightly 
higher  than  a  MMBTU  price).  This  price  includes  limited  transportation 
to  the  distribution  network  and  is  given  in  late  1974  dollars. 

°FEA,  "Synthetic  Fuels  from  Coal,"  Project  Independence  Report, 
p.  36. 
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have  changed  by  the  same  percentage  as  the  utility  finance  figures,  the 
appropriate  cost  becomes  $3,86  per  MMBTU. 

In  any  cost  consideration  of  synthetic  coal  gas,  it  should  be  kept 
in  mind  that  pipeline-quality  gas  production  is  not  a  commercially 
proven  technology.  Further  research  and  development  needs  to  be  funded 
and  carried  out  before  the  first  plant  operates.  In  general,  signifi- 
cant amounts  of  development  are  required  in  the  areas  of  high-pressure 
feed  systems,  pollutant  analysis  and  control ,^^  application  of  tech- 
nology to  various  coal  types,   the  methanation  process, ^^  and  scaling 

13 
up  processes  from  experimental  to  commercial  size. 

In  addition  to  these  more  scientific  areas  of  research  and  develop- 
ment, work  is  needed  on  engineering  problems  of  actual  plant  construc- 
tion. These  include  unsolved  problems  of  field  erection  and  fabrication 
of  pressure  vessels.'^  The  large  size  of  such  vessels  precludes  shop 
fabrication  and  necessitates  field  adaptations  of  precision  techniques 
previously  untried. 
Value  of  SNG 

The  value  of  gas  made  from  coal  is  determined  by  the  value  of 
(demand  for)  energy,  and  the  price,  availability,  and  suitability  in  use 


^FEA,  "Synthetic  Fuels  from  Coal,"  Project  Independence  Report, 
pp.  44-45 

JOlbid.,  pp.  23,  83-90. 

llbid.,  p.  24 

'^U.S.  Department  of  the  Interior,  Office  of  Coal  Research, 
"Pipeline  Quality  Gas,"  Evaluation  of  Coal-Gasification  Technology,  Part 
I  (Washington,  DC:  Government  Printing  Office,  1974);  and  Federal  Power 
Commission,  Final  Report  of  the  Supply-Technical  Advisory  Task  Force: 
Synthetic  Gas-Coal  (Washington.  DC:  Federal  Power  Commission.  1973). 

l-^FEA,  "Synthetic  Fuels  from  Coal,"  Project  Independence  Report, 
p.  24. 

l^lbid.,  pp.  63,  68-70  and  118. 
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of  energy  from  other  sources.  Greater  demand  for  energy  increases  the 
value  of  SNG,  while  lower  price,  greater  availability  and  greater  suita- 
bility in  use  of  other  energy  sources  lower  the  value  of  SNG. 

Energy  use  in  the  U.S.  has  been  rising  for  many  years.  In  1974, 
however,  energy  consumption  fell  by  2.7%.'^  This  is  consistent  with  the 
fact  that  in  real  terms  (corrected  for  inflation)  energy  prices  fell 
steadily  for  decades  until  1973,  when  they  began  to  rise  sharply.    It 
is  estimated  that,  other  factors  considered,  energy  use  will  decline 
1.5X  to  5%  if  energy  prices  rise  10  percent.  Of  course,  the  economic 
recession  of  the  time,  social  pressures,  and  population  growth  probably 
had  significant  impacts  also.  To  estimate  the  demand  for  SNG  as  a 
function  of  its  price,  one  must  consider  these  factors  as  well  as  the 
prices  of  substitutes. 

The  most  important  competitor  for  SNG  is,  presumably,  natural  gas. 
Both  the  price  of  natural  gas  and  its  supply  are  crucial  determinants 
of  the  need  for  gasified  coal.  Indeed,  recent  shortfalls  of  natural 
gas  supply  are  the  reasons  for  serious  consideration  of  the  technology. 
An  understanding  of  the  nature  of  these  shortages  is  crucial  to  a  rea- 
soned analysis  of  the  supply  options  available. 

While  natural  gas  has  a  high  value,  especially  to  home  consumers. 


^ ^Council  of  Economic  Advisors,  Economic  Report  of  the  Presi dent 
(Washington,  DC:  Government  Printing  Office,  February,  1973),  p.  80. 

'^E.J.  Mitchell,  "The  Energy  Dilemma:  Which  Way  Out?"  Reprint 
No.  32  (Washington,  DC:  American  Enterprise  Institute  for  Public  Policy 
Research,  June,  1975). 

l^N.  Edmonson,  "Real  Price  and  Consumption  of  Mineral  Energy  in 
the  U.S.,  1900-1968,  Journal  of  Industrial  Economics  [University  of 
Manchester]  (forthcoming)  p.  3;  and  Edward  A.  Hudson  and  Dale  W. 
Jorgenson,  "Energy  in  the  United  States:  Projections  and  Policy,"  manu- 
script for  the  Energy  Policy  Project  of  the  Ford  Foundation  (Washington, 
DC:  Ford  Foundation  Energy  Policy  Project,  1974). 
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due  to  its  clean  and  continuously  deliverable  nature,  its  price  is 
controlled  somewhat  below  a  market-clearing  level  by  the  Federal  Power 
Commission.  Until  recently  (1970),  new  wellhead  prices  were  below 
$0.20/Mcf.  With  prices  controlled  at  this  level,  the  value  of  gas  was 
understated,  the  demand  for  it  was  overstimulated,  and  incentives  to 
explore  and  produce  were  retarded.  Now,  the  FEA  has  projected  forced 
curtailments  of  gas  contracts  of  2.9  trillion  cubic  feet  (Tcf)  for  the 
twelve  months  starting  April  1975,  as  reported  in  "Weekly  Energy 
Report"  for  September  1,  1975.  Production  in  1974  was  approximately 
22  Tcf.  Some  states  will  see  cutbacks  of  up  to  45%  of  demand  at  the 
regulated  price.  Dislocation  from  shortages  of  this  magnitude  can  and 
will  be  serious  but  will  the  considered  costs  and  value  of  SNG  lead  to 
its  use  in  plugging  the  supply-demand  gap? 

A  critical  question  is  whether  gas  could  be  made  available  at 
prices  lower  than  SNG  costs,  in  quantities  great  enough  to  eliminate 
SNG  demands.  To  answer  this  question  quantitatively  requires  the  con- 
sideration of  many  forces,  interacting  in  dynamic  and  complex  ways. 
Such  a  study  is  beyond  the  scope  of  this  project  but,  fortunately,  such 

a  study  has  recently  been  done  at  the  M.I.T.  Energy  Laboratory,  pri- 

1 8 
marily  by  MacAvoy  and  Pindyck.    Their  econometric  modelling  and  simu- 
lation of  phased  deregulation  of  natural  gas  indicates  that  at  an 
average  wholesale  price  of  $0.61/Mcf  (in  1974  dollars)  by  1980  the  market 
for  pipeline  natural  gas  would  clear,  leaving  no  room  for  SNG.  Their 


^^P.  MacAvoy  and  R.  Pindyck,  Price  Controls  and  the  Natural  Gas 
Shortage  (Washington,  DC:  American  Enterprise  Institute  for  Public 
Policy  Research,  May,  1975). 
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calculated  supply  responses  are  questioned  by  some  experts.    Yet  even 
if  their  projected  equilibrium  price  were  to  be  quadrupled,  SNG  produced 
from  NGP  coal  still  would  have  no  U.S.  market,  due  to  natural  gas  compe- 
tition alone.  In  the  NGP  states'  own  markets--partially  dependent  on 
Canadian  gas  imports  of  questionable  future — full  reliance  on  natural 
gas  may  require  new  pipeline  construction  in  addition  to  in-region  gas 
field  development. 

Another  important  competitor,  at  least  for  industrial  sales  of  SNG 

from  coal,  could  be  coal  itself.  At  a  price  of  $4.50  per  ton,  coal  costs 

20 
about  26. H   per  million  BTU   or  the  energy  equivalent  of  about  $0,265 

per  Mcf  of  SNG.  Much  of  coal's  "substitutability"  for  gas  is  dependent 

PI 
on  the  availability  of  pollution  control  technology,   and  of  course 

transport  costs  and  burning  efficiencies  will  differ.  Still,  coal  could 

be  a  cheaper  supplement  to  natural  gas  in  some  large-scale  uses,  when 

compared  with  SNG. 


1  q 

'^As  a  basis  for  their  supply  response  projections,  MacAvoy  and 

Pindyck  used  physical  gas  reserve  estimates  from  the  Potential  Gas  Com- 
mittee, an  industry  organization  unique  in  its  access  to  proprietary 
information.  For  purposes  of  comparison,  the  PGC  estimate  of  potential 
supply  is  listed  below,  along  with  comparable  estimates  from  other 
sources:  (These  figures  do  not  include  proved  reserves.) 

COMRATE  (Nat.  Acad,  of  Sciences,  1975)  -  530  Tcf; 

Mr.  King  Hubbert  (1974)  -  540  Tcf; 

McKelvey  (U.S.  Geological  Survey,  1975)  -  320-655  Tcf;  and 

Potential  Gas  Committee  (as  of  12/31/72,  ex  Alaska)  -  780  Tcf. 
'^^The  $4.50  per  ton  figure  is  the  same  one  used  in  calculating  SNG 
costs  above.  These  calculations  assume  17  million  BTUs  per  ton  of  coal 
Note  that  as  coal  at  the  mine  rises  in  price,  SNG  energy  rises  in  cost 
faster  than  does  energy  from  coal  burned  directly,  since  more  coal  is 
required  to  produce  a  unit  of  SNG  energy. 

21  For  recent  summary  on  the  crucial  problem  of  flue  gas  desulfuri- 
zation,  J.  Jonakin,  "Solving  the  SOo  Problem  -  Where  We  Stand  with 
Applications  and  Costs,"  Coal  Age  (May,  1975). 
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While  large-scale  and  industrial  gas  users  may  be  expected  to  react 
promptly  to  higher  gas  costs,  the  residential  and  commercial  space  heating 
sector  is  likely  to  exhibit  a  more  inelastic,  slower  response.  Still, 

competitive  alternatives  exist.  Electricity  may  be  a  relatively  low-cost 

22 
option  considering  modern  heat  pump  technology.  Hammond  and  Zimmerman 

of  the  M.I.T.  Energy  Laboratory  project  heating  costs  significantly  lower 

from  electricity-powered  heat  pumps  than  from  SNG,  using  assumptions  biased 

in  favor  of  SNG  technology  and  gas  burning  efficiency.^ 

In  some  cases,  fuel  oil,  liquefied  petroleum  gas  (LPG)  and  low-BTU 
gas  produced  for  nearby  boilers,  may  also  compete  with  SNG,  but  generali- 
zations are  difficult,  as  estimates  on  price  and  availability  vary.  The 
outlook  regarding  solar,  wind,  tide,  and  other  more  exotic  energy  sources 
also  varies  with  the  observer.  However,  many  believe  that  by  the  year 
2000  substantial  production  from  one  or  more  of  these  sources  is  likely. 

In  this  study,  we  did  not  attempt  to  estimate  the  potential  additional 
coal  production  in  the  NGP  that  might  be  needed  to  replace  natural  gas  in 
industrial  boilers  and  to  replace  natural  gas  in  residential  heating  via 
coal -fired  electric  generation.  Instead  we  attempted  to  estimate  an  upper 
limit  on  what  this  coal  substitution  for  natural  gas  might  be.  Our  analysis 
of  natural  gas  reserves  led  us  to  conclude  that  in  this  century  natural  gas 
could  be  made  available  to  satisfy  the  residential,  commercial,  and  indus- 
trial demand  that  would  exist  at  significantly  higher  natural  gas  prices. 


22 
Ogden  Hammond  and  Martin  B.  Zimmerman,  "The  Economics  of  Coal- 

Based  Synthetic  Gas,"  Technology  Review,  Vol.  77,  No.  8  (July/August, 

1975).  pp.  15-22. 

^^Included  in  the  assumptions  were  SNG  prices  (delivered)  at  $3.65/ 

MMBTU  and  electricity  at  4.3(t/KWH.  Adoption  of  heat  pump  technology  may 

be  more  likely,  or  more  important  for  potential  SNG  export  markets  than 

for  NGP  states'  own  demands,  due  to  decreased  heat  pump  efficiency  at 

very  low  temperatures. 
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Thus,  our  "most  likely"  projection  is  for  neither  coal  gasification  nor 
significant  substitution  of  coal  for  natural  gas.  However,  a  combination 
of  federal  regulatory  policies  and  natural  gas  industry  long  run  profit- 
oriented  responses  might  lead  to  significant  shortages  of  natural  gas  in 
the  future.  In  that  case,  both  gasification  and  the  substitution  of  coal 
for  natural  gas  might  become  realities.  In  this  "high  demand"  (for  NGP 
coal)  case,  we  project  three  gasification  plants  (22.5  million  tons  of  coal 
per  year)  plus  an  additional  33-63  million  tons  of  coal  which  are  produced 
in  the  NGP  to  substitute  directly  for  restricted  natural  gas  supplies. 

As  mentioned  earlier,  this  fuel  substitution  analysis  is  the  weakest 
part  of  our  study.  It  lay  outside  this  study  to  estimate  the  amount  of 
"new"  natural  gas  that  would  be  stimulated  by  higher  prices  (but  prices 
still  below  those  required  to  cover  the  capital  and  operating  costs  of 
converting  industrial  boilers  to  coal.  Likewise,  we  did  not  attempt  to 
quantify  the  "conservation"  that  would  take  place  because  of  higher  fuel 
costs  before  any  dramatic  switch  between  fuels  would  take  place.  Although 
we  did  not  quantitatively  deal  with  a  natural  gas  "shortage"  situation, 
our  price-sensitive  model  did  take  into  account  the  impact  of  natural  gas 
prices  rising  faster  than  electricity  prices  and  the  substitution  of  coal 
for  natural  gas  this  would  encourage.  This,  we  felt,  was  the  "most  likely" 
long  run  situation. 

Forecasting  Coal  Gasification 

Since  predicting  the  time  path  of  coal  gasification  is  a  problem  in 
political  economy,  some  assumptions  must  be  made  regarding  the  goals  or 
preferences  to  be  exhibited  by  decisionmakers  in  and  out  of  government. 
The  fundamental  assumptions  made  here  are  that  energy  users  will  try  to 
minimize  the  cost  of  energy  consumed,  as  well  as  reacting  to  higher 
energy  prices  by  decreasing  their  energy  use  (conservation).  Available 
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data  support  these  notions.  Also,  it  will  be  assumed--at  least  in  the 
"most  likely"  projections--that  regulatory  agencies  move  in  the  direction 
tending  to  encourage  cost  minimization  in  energy  supply. 

Given  the  cost  estimates  for  SNG  from  coal,  and  the  apparent  avail- 
ability of  natural  gas  at  costs  much  less  than  SNG  cost  estimates,  the 
market  for  SNG  seems  not  to  exist.  Even  if  the  M.I.T.  market-clearing 
price  of  $0.61  per  MMBTU  is  low  by  a  factor  of  4,  natural  gas  should  be 
cheaper.  The  long-run  availability  of  gas  is  yery   much  in  question, 
however,  as  geologic  experts  disagree  on  potential  production  from  re- 
serves (see  footnote  19).  Virtually  all  estimates,  though,  appear  to 
suggest  that  we  can  continue  to  have  domestic  gas  available  beyond  the 
year  2000,  provided  that  annual  use  does  not  increase  dramatical ly--and 
much  higher  prices  should  strongly  encourage  conservation  rather  than 
greater  use.  Also,  if  natural  gas  is  available  in  substantially  smaller 
quantities  than  present,  the  cost  advantage  of  utilizing  energy  directly 
from  coal  and  its  applicability  in  industrial  markets  may  free  existing 
industrial  gas  supplies  to  be  channeled  to  other,  higher  valued  uses. 

All  factors  considered,  we  forecast  that  there  will  be  no  commercial 
production  of  SNG  in  the  Northern  Great  Plains  in  1980  or  1985.  Since 
commitments  must  be  made  in  the  next  two  to  four  years  for  production  by 
1985,  we  are  reasonably  confident  in  this  forecast.  To  predict  output  of 
SNG  (or  any  other  commodity)  in  the  year  2000  is  exceedingly  difficult. 
Society's  ignorance  of  fossil  fuel  reserves— which  is  rational  in  light  of 
the  cost  involved  to  learn  much  more--together  with  the  uncertainty  of 
foreign  fuel-source  prices  and  availabilities,  make  forecasting  natural 
gas  production  for  the  year  2000  almost  a  guessing  game.  We  arbitrarily 
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will  assume  that  cost  relationships,  technology,  and  regulatory  factors 
will  remain  close  enough  to  the  currently  foreseeable  situation  that  SNG 
production  also  will  remain  non-feasible  economically  at  that  point. 

Obviously,  if  we  change  our  assumptions  to  be  more  adverse  toward 
SNG  production,  our  "low"  forecasted  amounts  will  remain  at  zero. 

If  we  change  our  assumptions  to  be  more  favorable  toward  SNG  pro- 
duction, the  predictions  could  change.  For  example,  if  technological 
advances  substantially  reduce  SNG  costs,  and  if  natural  gas  were  far 
less  available  in  the  future  even  at  much  higher  prices  (or  at  low 
controlled  prices),  while  engineers  were  unable  to  design  environmentally 

acceptable  ways  to  switch  many  users  from  gas  to  coal,  then  SNG  might 

24 
become  feasible. 

Another  possibility  is  that  with  continued  strong  regulation  holding 

down  the  domestic  price  and  availability  of  natural  gas  and  oil,  the 

pressures,  due  to  shortages,  on  Congress  might  be  such  that  instead  of 

allowing  higher  natural  gas  and  oil  prices,  enormous  subsidies  might  be 

granted  in  an  effort  to  supplement  supply  and  hence  SNG  production  would 

25 
be  encouraged.    The  apparent  rationale  for  such  a  move  would  be  to 

keep  gas  prices  low  to  the  consumer.  But  with  presently  projected  SNG 

costs,  the  social  cost  of  such  energy  would  certainly  be  higher  than 

under  alternative  regulatory  and  technologic  options. 


24 
Another  factor  of  some  importance  in  the  Northern  Great  Plains  is 

the  potential  elimination  of  Canadian  supplies,  although  such  a  move  would 

seem  to  be  very  costly  for  Canada,  given  the  price  they  get  for  exports  as 

compared  to  internal  Canadian  prices.  In  the  national  picture,  these 

amounts  are  small . 

25For  a  discussion  of  this  possibility,  see  R.  Stroup  and  V.  House, 

"The  Political  Economy  of  Coal  Gasification:  Some  Determinants  of  Demand 

for  Western  Coal,"  presented  at  the  Western  Economics  Association  meetings, 

San  Diego,  June  26,  1975  (Bozeman,  MT:  Montana  State  University,  Department 

of  Agricultural  Economics  and  Economics,  Staff  Paper  #75-17). 
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The  high  cost  of  synthetic  gas  could  be  masked  to  some  extent  by 
averaging  the  cost  in  with  regulated,  low-priced  natural  gas  ("rolling 
in"),  thus  making  the  gas  marketable  and  the  venture  profitable  for  the 
producer.  But  a  rolled-in  price  is  artificial  in  that  it  doesn't  repre- 
sent the  true  cost  to  society  of  producing  the  gas.  When  the  social  cost 
(eventual  consumer  cost)  is  realized,  SNG  emerges  as  a  high-cost  solution. 
Because  of  our  assumption  that  regulators  tend  toward  economic  rationality, 
we  do  not  really  expect  that  chain  of  events  to  occur,  but  we  recognize 
their  possibility.  So,  our  "high"  forecast--at  this  point  rather  arbitrary 
in  nature--is  that  while  no  plants  will  be  in  production  by  1980,  one  in 
each  state  will  be  operating  by  1985,  with  no  change  by  the  year  2000. 

TABLE  26 
SUMMARY  OF  GASIFICATION  PROJECTIONS 
SNG  Plants  in  Montana,  Wyoming,  and  North  Dakota 

1980       1985       2000 


Most  likely 

0 

0 

0 

Low 

0 

0 

0 

High 

0 

3 

3 

Note:  All  plants  rated  at  250  MM  scf/day, 
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TABLE  27 

COAL  GASIFICATION  IN  THE  NORTHERN  GREAT  PLAINS 


Coal  Gasification  Plants  in  the  Northern  Great  Plains 

1980       1985       2000 


Most  likely 

0 

0 

0 

Low 

0 

0 

0 

High 

0 

3 

3 

0 

0 

0 

0 

0 

0 

0 

22.5 

22.5 

Note:  All  plants  rated  at  250  MM  Scf/day.  One  plant  each  will  be 
located  in  Montana,  Wyoming  and  North  Dakota  in  the  high  estimates. 


Coal  Requirements  for  Gasification  Plants  in  the  Northern  Great  Plains 

(Million  Tons  per  Year) 
1980       1985       2000 

Most  likely 

Low 

High 

Note:  Each  plant  requires  7,500,000  tons  per  plant-year  of  operation. 

Coal  Exports  from  NGP  to  Make  Up  NG  Shortfalls 

(Million  Tons  per  Year) 
1980       1985       2000 

Most  likely  0         0         0 

Low  0         0         0 

High  0       17-34      33-67 

Note:  This  assumes  the  shortages  are  all  assigned  to  industrial  users. 
Increases  in  industrial  demand  for  NG  in  the  21-state  market  are  filled 
by  export  of  NGP  coal  and  midwestern  coal.  The  share  to  NGP  coal  is 
assumed  to  be  the  same  as  the  share  of  coal -fired  generation. 
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C.  Liquefaction,  Fertilizer  Production,  and  Other  Uses 
for  Northern  Great  Plains  Coal 

There  are  several  additional  new  technological  processes  which  use 
coal  as  a  feedstock.  These  processes  include  the  liquefaction  of  coal 
to  produce  synthetic  gasoline  or  other  liquid  fuels,  the  production  of 
various  petrochemical  feedstocks  from  coal,  and  the  production  of  nitro- 
gen fertilizer  from  coal.  There  have  been  several  public  statements 
related  to  possibly  utilizing  NGP  coal  in  these  processes.  For  example, 
the  Burlington  Northern  Corporation  has  recently  announced  plans  to  con- 
struct a  synthetic  nitrogen  fertilizer  plant  using  coal  near  Circle, 
Montana  as  a  feedstock. 

Currently,  however,  very  little  technical  and  economic  data  exist 
to  permit  a  convincing  analysis  of  the  potential  applicability  of  these 
processes  to  NGP  coal  resources.  With  the  possible  exception  of  ferti- 
lizer production,  all  the  potentially  economic  technologies  are  only  at 
the  bench  or  small  pilot  plant  stage.  A  great  deal  of  technical  research 
and  development  is  needed  before  any  meaningful  economic  analyses  and 
projections  can  be  attempted.  It  is  unlikely  that  any  of  these  technolo- 
gies will  be  widely  utilized  in  commercial  production  before  1985-1990. 
The  placing  of  one  or  more  of  these  new  technologies  on-stream  at  some 
future  date  will  have  a  significant  effect  on  coal  mining  levels.  For 
example,  it  is  anticipated  that  a  100,000  barrel  per  day  (BPD)  coal 
liquefaction  plant  may  consume  up  to  15  million  tons  of  coal  per  year. 
At  this  time,  one  can  only  suggest  that  there  is  potentially  a  signifi- 
cant demand  for  Northern  Great  Plains  coal  as  a  feedstock  for  these  coal 


08 
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conversion  technologies,  particularly  beyond  1985.  If  these  technolo- 
gies do  prove  economically  feasible,  the  demand  for  NGP  coal  will  be 
larger  than  that  reported  here. 


PART  II 

COMPARATIVE  ANALYSIS: 
MONTANA  UNIVERSITY  AND  ALTERNATIVE  PROJECTIONS 


A.  N6PRP  Projections, 

B.  Project  Independence. 

C.  Regional  Projections. 
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PART  II 

COMPARATIVE  ANALYSIS: 
MONTANA  UNIVERSITY  AND  ALTERNATIVE  PROJECTIONS 

Other  than  the  projections  described  in  this  report,  the  only  de- 
tailed analysis  of  projected  levels  of  coal  development  in  the  Northern 
Great  Plains  is  found  in  the  Northern  Great  Plains  Resources  Program 
National  and  Regional  Energy  Considerations  Work  Group  Report  (February, 
1974).   Since  the  NGPRP  findings  must  serve  as  a  reference  point  for 
our  own  projections,  they  will  be  discussed  in  the  following  section 
with  some  attempt  to  isolate  their  assumptions  for  comparison  within 
our  methodological  framework. 

In  addition  to  the  NGPRP  reports,  less  comprehensive  projections 
of  consumption  in  portions  of  the  Northern  Great  Plains  coal  market  area 
are  found  in  the  Federal  Energy  Administration  Project  Independence 
Report  (November,  1974);  in  Energy  Forecasts  for  the  Pacific  Northwest 
(September,  1975)  by  Walter  Butcher,  George  Hinman  and  Paul  Swamidas  of 
the  Environmental  Research  Center  at  Washington  State  University;  and  in 
Water  Use  and  Coal  Development  in  Eastern  Montana  (Paul  Polzin,  Bureau 
of  Business  and  Economic  Research,  University  of  Montana,  November,  1974). 
These  projections  will  be  compared  to  the  relevant  parts  of  our  projection 


Hereinafter  cited  as  NGPRP  (1974).  A  summary  document  which  con- 
tains no  changes  in  the  coal  projection,  entitled  Effects  of  Coal  Devel- 
opment in  the  Northern  Great  Plains— hereinafter  cited  as  NGPRP  (1975)-- 
was  completed  in  April,  1975. 
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in  the  second  part  of  this  section. 

A.  NGPRP  Projections 

The  NGPRP  projections  are  compared  to  this  project's  findings  in 
Table  28.  The  NGPRP  forecast  for  coal  used  in  electrical  generation 
falls  below  our  all  FGD  market  bracket  except  for  the  NGPRP  "high" 
forecast  in  1985  and  2000  (corresponding  to  our  5%  growth).  Our  coal 
gasification  projections,  on  the  other  hand,  are  much  lower. 

In  order  to  identify  the  basis  for  the  difference  in  these  projec- 
tions, it  is  necessary  to  isolate  the  methodology  and  assumptions  made 
in  the  NGPRP  report.  Their  analysis  may  be  divided  by  consuming  sector: 
(1)  household,  commercial  and  industrial;  (2)  synthetic  gas;  and  (3) 
electrical  generation. 

Direct  Coal  Consumption  by  the  Household,  Commercial  and  Industrial  Sectors 

Their  analysis  of  this  sector  is  based  on  an  application  of  Dupree 
and  West's  national  model,  United  States  Energy  Through  the  Year  2000 
(U.S.  Department  of  the  Interior,  1972)  to  the  NGP  region.  Cross- 
sectional  multiple  regression  analysis  was  used  to  establish  the  connec- 
tion between  population  and  personal  income  levels  and  the  level  of 
energy  consumption.  These  historical  relationships  were  then  applied 
to  the  1972  OBERS  state  projections  of  population,  income,  and  levels 
of  economic  activity.  The  direct  contribution  of  the  household,  commer- 
cial and  industrial  sector  to  coal  demand  was  found  to  be  very   small: 

amounting  to  only  two  out  of  362  tons  of  coal  in  the  NGPRP  intermediate 

2 
projection  for  the  year  2000.   This  supports  our  approach  of  ignoring 


^NGPRP  (1974),  p.  11-58,  Table  5. 


TABLE  28 

COMPARATIVE  COAL  SUPPLY  FORECASTS 
NGPRP  and  Montana  University  Coal  Demand  Study 
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NGPRP-^ 

A.  Electrical  Generation 

Low 

Intermediate 

High 

B.  Synthetic  Gas 

Low 

Intermediate 

High 


C.  Total 


Low 

Intermediate 

High 


(Million  Short  Tons) 
1980         1985 


91 
107 
107 


0 

0 

53 


91 
107 
160 


108 
139 
229 


0 
53 

153 


108 
192 
382 


2000 


144 
241 
666 


0 
121 
311 


144 
362 
977 


Montana  University  Coal  Demand  Study 
A.  Electrical  Generation 


1% 
3% 


B.  Coal  Gasification 


Low 

Medium 

High 


136 
136 
136 


0 
0 
0 


108 
137 
173 


0 

0 
22.5 


126 
214 
360 


0 

0 
22.5 


^NGPRP,  Effects  of  Coal  Development  in  the  Northern  Great  Plains, 
(April,  1975),  Table  III-12,  p.  40 

^All  FGD  Market  only,  constant  share  to  coal  assumption  on  fuel  mix, 
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this  aspect  of  demand  for  NGP  coal. 

Synthetic  Gas 

The  projections  we  have  made  are  generally  lower  than  other  contem- 
porary forecasts  of  gasification  activity.  We  particularly  address  the 
differences  between  this  report  and  that  of  the  Northern  Great  Plains 
Resources  Program,  possibly  the  most  extensive  and  visible  of  those 
other  forecasts. 

The  NGPRP  report.  Effects  of  Coal  Development  in  the  Northern  Great 
Plains  (April,  1975),  forecasts  three  Coal  Development  Profiles  (or 
scenarios):  one  "likely,"  one  "high,"  and  one  "low."  Their  most  likely 
projection  is  for  no  SNG  plants  in  1980,  seven  in  1985,  and  sixteen  in  2000. 
Their  high  projection  is  for  seven  plants  in  1980,  thirteen  in  1985,  and 
forty-one  in  2000.  Their  low  projection  predicts  no  gasification  activity 
up  to  2000. 

NGPRP's  section  on  gasification  is  a  small  part  of  a  much  larger 
report  on  coal  activity  in  general.  Presumably  because  of  its  small 
relative  size,  little  information  is  given  as  to  the  methodology  which 
led  to  the  specific  numbers  used  in  the  gasification  forecasts.  This 
makes  comparison  difficult.  But  general  assumptions  of  energy  growth 
and  relative  prices  were  made  explicit;  and  on  the  basis  of  these,  the 
following  comparisons  are  offered. 

First,  consider  the  area  of  technological  certainty.  While  the 
NGPRP  report  is  dated  April  1975,  the  synthetic  gas  component  apparently 
was  completed  soon  after  June  1974,  when  "a  number  of  energy  companies" 
had  shown  "substantial  interest"  in  NGP  gasification  and  had  "invested 
in  research  programs  and  plant  development  planning."  At  that  time. 
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they  listed  over  half  a  dozen  announced  plants  to  be  built  in  the  area. 

At  this  writing  (October,  1975)  no  plants  have  gone  beyond  the 
planning  stage;  industry  as  a  whole  seems  to  be  waiting  for  either 
technological  breakthroughs  or  governmental  subsidy.  All  known  projects 
have  been  indefinitely  shelved.    The  September  1,  1975, 
Oil  and  Gas  Journal  sums  up  this  attitude:  "Commercial  and  technologi- 
cal uncertainties  are  too  great  for  financing  at  this  time,  given  the 
questions  over  markets,  prices,  costs,  and  performance  of  facilities 
once  constructed." 

A  second  assumptive  difference  leading  to  different  conclusions  in 
the  two  reports  regards  the  question  of  future  supply  and  demand  for 
natural  gas. 

NGPRP's  energy  demand  forecasts  came  from  a  U.S.  Department  of  the 
Interior  publication.  United  States  Energy  Through  the  Year  2000  (1972). 
From  the  total  energy  demand,  gas  was  allocated  a  share  of  the  market 
based  on  current  usage  patterns.  Characterizing  the  D.O.I,  forecast  is 
a  quote  from  a  draft  of  the  NGPRP  report:  "...  this  forecast  is  essen- 
tially an  extrapolation  of  current  trends  based  on  a  knowledge  of  how 
the  various  sectors  of  the  economy  use  energy  and  how  these  sectors  are 
growing.  It  does  not  deal  explicitly  with  the  effect  of  price  changes 
on  the  demand  and  supply  of  energy  resources,  and  consequently,  does 
not  recognize  any  energy  savings  or  supply  increases  that  could  result 
from  persistent  increases  in  energy  prices." 

The  NGPRP  gas  demand  estimate,  then,  was  not  tempered  by  any  con- 
ception of  demand  or  supply  price  elasticity.  Our  assumption  is  that 
any  price  increase,  in  gas  itself  via  complete  or  partial  deregulation 
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or  in  other  substitute  fuels,  will  dampen  demand.  This  is  an  integral 
part  of  the  M.I.T.  Energy  Lab  econometric  model  (which  we  cite),  which 
predicts  an  average  field  price  in  1980  of  $0.61  (in  1974  dollars).  At 
this  point,  quantity  supplied  would  equal  quantity  demanded  through  in- 
creased supplies  and  decreased  usage. 

In  consideration  of  potential  gas  supply,  it  must  be  noted  that 
the  M.I.T.  model  is  more  optimistic  concerning  supply  response  to  price 
than  is  the  D.O.I,  forecast.  In  part,  this  could  be  due  to  reliance  on 
differing  figures  for  potential  physical  supply  of  gas. 

The  third  area  for  comparison  of  the  two  projections  is  that  of 
interfuel  competition.  We  note  a  currently  projected  price  of  SNG  at 
slightly  under  $3/Mcf  (1974  prices)  which  is  supported  by  recent  claims 
from  utilities  and  the  Project  Independence  Report. 

In  its  comparison  of  SNG  prices  with  other  gas  sources,  NGPRP  used 
a  figure  of  $.91-$1 .27/Mcf  (1972  dollars)  from  the  U.S.  Bureau  of  Mines. 
This  figure  was  used  to  demonstrate  SNG's  supposed  competitiveness  with 
other  sources  of  gaseous  fuel.  Substitution  away  from  gas  to  non- 
gaseous fuels  was  not  considered.  Thus  the  demand  for  gas  (from  all 
sources)  was  considered  perfectly  inelastic  with  respect  to  price.  We 
qualitatively  consider  the  "switch-overs,"  such  as  to  electricity  (in 
home  use)  and  to  direct  coal  burning  (in  industrial  use)  that  would 
occur  at  higher  gas  prices  and  conclude  that  gasifying  coal  would  not 
be  competitive  in  any  market  except,  perhaps,  at  heavily  subsidized 
prices. 
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Electrical  Generation 

The  major  consuming  sector  contributing  to  the  demand  for  NGP  coal 
is,  of  course,  electrical  generation.  The  methodology  used  by  the  NGPRP 
was  to  determine  existing  and  near-future  coal  contracts  and  mining  com- 
pany projections  for  1980  coal  export  from  the  NGP  region.  Past  this 

point.  Federal  Power  Commission  projections  of  electrical  consumption 

5 
and  fuel  share  based  on  electric  power  company  10-year  plans  were  used. 

Note  that  no  price  sensitivity  is  assumed.  They  consider  economic 
studies  of  energy  price  impact  such  as  Chapman  et  al.  "controversial." 
It  is  a  consumption,  not  a  demand,  projection.  Note  also  that  electric 
power  company  plans,  not  an  independent  analysis,  were  the  source  of 
the  electric  projections.  The  NGPRP  tries  to  bracket  the  level  of  devel- 
opment by  making  "high"  and  "low"  projections.  The  "high"  projections 
are  based  on  the  following  assumptions:  a  loss  of  access  to  Canadian 
natural  gas  supplies,  a  lag  in  nuclear  energy  development,  and  a  signifi- 
cant reduction  in  oil  imports.  In  this  situation,  NGP  coal  is  used  to 
fire  electric  generators  to  replace  oil  and  nuclear  fueled  generation. 


^Projections  based  on  electric  utilities'  plans  to  install  capacity 
are  bound  to  overstate  the  total  electric  energy  demand  and,  therefore, 
the  total  coal  required  to  fire  the  generators.  Peak  load  (due  to  elec- 
tric heating  and  air  condition)  has  been  growing  faster  than  base  load. 
This  "requires"  the  installation  of  excess  capacity  used  only  to  meet 
peak  load.  Project  Independence  Report  (FEA,  1974,  p.  288)  gives  some 
indication  of  the  exaggeration  involved.  They  calculate  the  capital  in- 
vestment required  by  1985  by  electric  utilities  to  meet  demand  growing 
at,  say,  5%.  If  peak  load  growth  exceeds  base  load  growth  by  two  per- 
centage points,  the  investment  required  is  $344.5  billion.  If  base  load 
growth  exceeds  peak  load  growth,  the  required  investment  is  $153.7  billion, 
The  former  is  2.24  times  as  large  as  the  latter,  but  annual  cost  consump- 
tion would  be  nowhere  near  that  much  greater. 

°NSF-RANN  study  done  by  Chapman,  Tyrrell,  and  Mount  as  summarized  in 
Science,  Vol.  178,  No.  4062  (November  17,  1972),  pp.  703-708. 

^GPRP  (1974),  p.  11-54. 
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and  is  converted  to  synthetic  natural  gas  to  provide  for  the  projected 
consumption.  The  "low"  scenario  assumes  that  production  in  the  NGP 
region  will  be  for  regional  (NGP)  needs  only,  except  for  exports  satis- 
fying the  existing  and  near-term,  foreseeable  contracts.  An  "inter- 
mediate" scenario  between  these  two  brackets  is  then  also  developed. 

o 

The  details  of  these  calculations  are  described  elsewhere. 

In  order  to  contrast  the  NGPRP  analysis  with  our  own,  it  is  neces- 
sary to  isolate  the  NGPRP  assumptions  concerning  the  size  of  the  market 
for  NGP  coal,  the  growth  of  electrical  generation  in  this  market,  the 
share  of  future  electrical  generation  that  will  be  coal-fired,  and  the 
amount  of  this  coal  that  will  be  supplied  by  the  NGP  states  within  the 
market  area. 

Market  Definition 

In  Table  29,  the  NGPRP  market  definition  is  compared  to  our  project 
definition.  For  the  intermediate  case,  NGPRP  defined  a  market  including 
the  following  electric  reliability  council  regions:  SWPP,  MAIN,  MARCA, 
and  WSCC  (see  Figure  6).^   This  market  was  used  only  to  determine  a 
rate  of  growth  in  coal -fired  generation  to  apply  to  1980  contract  data. 
(That  is,  there  was  no  use  made  of  this  market  as  a  basis  for  total 
demand.)  Based  on  1972  generation  figures,  this  market  is  93%  as  large 
as  our  all  FGD  market. 

The  other  market  defined  by  NGPRP  was  used  in  the  "high"  projection 
to  reallocate  a  reduction  in  estimated  nuclear  fueled  generation  to  pro- 
vide an  increase  in  coal-fired  capacity.  This  market  area  included 


o 

-Thomas  Power,  Workina  Paoer  #1.  dd.  7-14. 
^Discussed  NGPRP  (1974),  p.  11-55,  56. 
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TABLE  29 

COMPARISON  N6PRP  AND  MONTANA  UNIVERSITY  COAL  DEMAND  STUDY 

MARKET  DEFINITIONS 

Total  1972  Generation  (billion  KWH) 

A.  NGPRP  Market 

12 

1.  Intermediate  Projection  660.1 

Market  Definition'^ 

12 

2.  High  Projection  536.1 

Market  Definition^^ 

B.  Montana  University  Coal  Demand  Study 

1.  All  FGD  Market  703.8^^ 

2.  All  SCS  Market  375.4^^ 

C.  Comparison 

A-2  as  %  of  B-1  76% 

A-1  as  %  of  B-1 
B-2  as  %  of  A-2 


IOAs  defined  pp.  11-55,56,  NGPRP:  SWPP,  MAIN,  MARCA,  WSCC  Regional 
Electric  Reliability  Councils  were  used  as  the  basis  for  the  growth  rate 
in  coal-fueled  capacity. 

''NGPRP  11-68:  one-half  MAIN,  SWPP,  ERCOT,  MARCA,  one-half  WSCC. 
Regional  Electric  Reliability  Councils  were  used  to  allocate  the  reduc- 
tion in  nuclear  capacity. 

12fpc  National  Power  Survey  Task  Force  on  Fuels. 

ISDerived  from  Edison  Electric  Institute,  Statistical  Year  Book  of 
the  Electric  Utility  Industry,  Table  135. 
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one-half  MAIN,  SWPP,  ERCOT,  MARCA,  and  one-half  WSCC J^  Based  on  1972 
generation,  this  market  is  70%  of  our  All  FGD  market,  the  major  differ- 
ence being  that  ours  includes  all  of  MAIN  and  the  states  of  Indiana  and 
Michigan  in  ECAR.  Based  on  the  way  the  "markets"  were  used  in  the  NGPRP 
study,  the  "high  projection  market"  appears  to  correspond  most  closely 
to  our  definition  of  the  market  for  Northern  Great  Plains  coal. 

The  basis  for  a  market  boundary  extending  to  Illinois  is  discussed 
in  the  April  1975  NGPRP  Summary  Report.  Table  30  following  presents 
the  NGPRP  calculations  which  show  that  only  when  the  cost  of  flue-gas 
desulfurization  for  Illinois  coal  is  taken  into  account  is  NGP  coal 
competitive  in  Illinois-Indiana.  This  result  is  compatible  with  the 
findings  of  our  market  definition  model,   which  identifies  the  exact 
geographic  NGP  coal  market  boundary  for  a  range  of  transportation  and 
production  costs  and  environmental  standards. 

The  assumptions  which  underlie  the  NGPRP  calculation  shown  in  Table 
30  can  be  compared  to  the  parameters  used  in  our  market  model.  As  can 
be  seen  in  Table  31,  the  NGPRP  assumptions  about  these  parameters  tend 
to  be  lower  than  ours.  For  example,  the  NGPRP  report  uses  a  price  range 
for  Wyoming  coal  of  $2.68-$3.57/ton,  while  we  use  a  range  of  $5.00-$6.00. 
(The  NGPRP  report  notes  that  current  contracts  are  being  made  at  $5.00/ 
ton.) 

Contract  Information 

Both  NGPRP  and  our  projections  for  1980  are  based  on  existing  con- 
tract information.  The  NGPRP  formal  listing  of  contract  totals  is 


^^GPRP  (1974),  p.  II~68. 

15jeppy  Wheeling,  Working  Paper  #3. 
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TABLE  31 


COMPARISON  OF  MARKET  DEFINITION  PARAMETERS: 
MONTANA  UNIVERSITY  COAL  DEMAND  STUDY  AND  NGPRP 


Montana  University 
Coal  Demand  Study 'o 

NGPRP 

1. 

Coal  Production  Prices 
($/ton) 

Illinois 

10.00 

9.10-10.67^7 

North  Dakota 

2.50 

Wyoming 

5.00-6.00 

2.68-  3.57^^ 

2. 

Rail  Transportation 
($/ton-rail  mile) 

1974 

.007 

.0041-. 0066^^ 

1980 

.00836 

3. 

Stack  Gas  Cleaning 
(Mls/KWH) 

a.   Scrubber  -  New  Source 

3.2 

1.6520 

-  Retrofit 

4.0 

2.47-4.12^1 

b.   ICS/tall  stack 

.38 

l^Yerry  Wheeling,  Working  Paper  #3. 

1739.6-46.4(t/million  BTU  at  23  million  BTU/ton  or  11,500  BTU/lb. 

18l6.2-21.5(t/minion  BTU  at  8,300  BTU/lb. 

l^NGPRP  (1975),  p.  33,  2.5-4.0(t/million  BTU-100  miles  at  8,300  BTU/lb. 

20lbid.,  p.  28;  is  close  to  our  1.5  mls/KWH  or  1.7  mls/KWH  for  operat- 
ing or  capital  costs  alone  (respectively). 

21 

Ibid.,  p.  31;  based  on  an  observation  that  retrofit  will  be  1.5  to 

2.5  times  as  expensive. 
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summarized  in  Table  32  and  compared  to  our  data.  The  actual  numbers 
used  in  the  NGPRP  projection  are  inexplicably  higher  than  their  pub- 
lished contract  data.  The  NGPRP  contract  information  is  low  compared  to 
ours,  107  million  tons  total  for  1980  compared  to  our  135.7  million  tons. 

Growth  in  Electrical  Generation 

After  1980,  coal  production  in  both  studies  is  related  to  the 
increase  in  electrical  generation,  therefore  the  assumption  concerning 
annual  growth  in  electrical  consumption  is  critical.  Our  first  approach 
was  to  bracket  this  parameter  with  alternatives  of  1'^,  3%  and  5% 
annual  growth  in  electrical  consumption.  The  NGPRP,  based  on  FPC  esti- 
mates, used  7.5%  growth  to  1980,  6.9%  for  1980-85,  and  5.8%  for  1985- 
2000  --  considerably  higher  than  our  upper  estimate  of  5%  (see  Table  33), 
As  suggested  previously,  no  price-sensitivity  is  presumed  in  the  FPC 
numbers. 

Fuel  Mix 

It  is  also  critical  to  the  projection  to  estimate  the  share  of 
electric  generation  that  will  be  coal-fired  (see  Table  34).  The  NGPRP 
intermediate  estimate  called  for  a  declining  share  of  coal -fired  gener- 
ation from  34.2%  in  1980  to  15.6%  in  2000.^^  The  NGPRP  high  estimate 
of  coal  generation  was  for  34%  declining  to  28.4%.  Both  assumptions 
are  lower  than  our  constant  share  (39%)  or  residual  share  (approxi- 
mately 50%). 


22 
Note:  The  fuel  share  assumption  was  not  made  explicit  in  the 

NGPRP  report  but,  rather,  fuel  share  was  adjusted  between  intermediate 

and  high  projection  by  a  shift  of  nuclear  capacity  (a  drop  of  about 

7.1%  in  1985  and  20%  in  2000)  to  coal. 
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TABLE  32 

COMPARISON  OF  COAL  PRODUCTION  CONTRACTS: 
NGPRP  AND  MONTANA  UNIVERSITY  COAL  DEMAND  STUDY 


(Millions  of  Tons) 
NGPRP 


A. 

Production 

1975 

1980 

North  Dakota 

11.67 

14.67 

Wyoming  (Powder  River 
Basin  only) 

6.35 

28.8 

Montana 

19.82 

40.64 

Total 

37.84 

84.11^^ 

B. 

Contracts  for  Out-of-State  Coal 

Shipment 

North  Dakota 

.45 

Wyoming 

33.0 

Montana 

1 

28.3 

Total 

61.7524 

Montana  University  Coal  Demand  Study 

North  Dakota  14.0 

Wyoming  84.3 

Montana  37.5 

Total  135.7 

^Wived  NGPRP  (1974),  pp.  11-141,  11-143.  Note:  107  million  tons 
was  actually  used  in  the  NGPRP  intermediate  projection. 

^Xompared  with  66  million  tons  actually  used  in  the  NGPRP  inter- 
mediate projection  based  on  an  increase  in  the  rate  of  coal -fueled 
generating  capacity  in  the  market  region.  The  Montana  University  Coal 
Demand  Study  export  number  is  87.7  million  tons. 
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TABLE  33 
NGPRP  ELECTRICAL  GENERATION  GROWTH  ASSUMPTIONS 


1971     1972     1980     1985     2000 


A.  NGP  Region 

Billion  KWH^^  41.5  95.2    121.7    316.7 

Percentage  growth  9.2%        4.9%     6.3% 

B.  NGPRP  Market  Area^^ 

Billion  KWH  536.1^^   979.5^^  1385.8^^  3330. 2^^ 

Percentage  growth  7.5%     6.9%     5.8% 


25nGPRP  (1974),  Table  31,  App.  II-A,  p.  11-106. 

^W-half  MAIN,  one-half  WSCC,  SWPP,  ERCOT  and  MARCA  Regional 
Reliability  Councils. 

^''Derived  from  Chapman,  et  al . ,  Power  Generation  (FPC  data). 
Table  4.  

''"Derived  from  FPC,  Report  of  the  Technical  Advisory  Committee  on 
Fuel  (September,  1974),  pp.  67-77. 
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TABLE  34 

COMPARISON  OF  PROJECTIONS: 
MONTANA  UNIVERSITY  COAL  DEMAND  STUDY  AND  NGPRP 


Coal -fired  Share  of 
Total  Electrical  Generation  (%) 

1980         1985         2000 

A.  Montana  University  Coal 
Demand  Study  Projections^^ 

1.  Constant  1973  Share 

to  Coal  Assumption      39.0%       39.0%        39.0% 

2.  Residual  Share  to 

Coal  Assumption         50.3%       44.7%        46.8% 


B.  NGPRP  Projections 

1.  Intermediate  Share 

Projection  34.2%  29.1%  15.6% 

2.  High  Share 

Projection  34.2%       30.9%        28.4% 


^''All  FGD  Market  at  5%  growth. 
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One  of  the  major  differences  in  the  fuel  mix  assumptions  is  the 
high  share  of  future  capacity  allocated  by  NGPRP  to  nuclear-fueled 
generation  (50.9%  in  the  high  projection  and  63.6%  in  the  intermediate 
in  the  year  2000).  This  compares  to  our  allocation  of  approximately 
34%  of  year  2000  generation  to  nuclear  fuel  for  the  All  FGD  market  at 
either  1%,  3%,  or  5%  growth. 

In  terms  of  actual  generation,  NGPRP  forecasts  1695-2119  billion 
kilowatt/hours  of  nuclear  generation  in  the  year  2000,  compared  to  our 
379-1010  kilowatt/hours  in  the  All  FGD  market  at  1%  to  5%  growth.  The 
NGPRP  high  projection  is  more  than  double  our  5%  growth  All  FGD  market 
for  2000  (Table  35).  [The  reader  may  wish  to  refer  to  our  Working 
Paper  #7  for  a  further  discussion  of  nuclear  generation.] 

Coal  Source 

Once  the  level  of  coal-fired  generation  has  been  established  in  the 
market  area,  it  remains  to  allocate  this  demand  for  coal  among  alterna- 
tive market  sources.  The  fuel  source  assumptions  used  in  the  Montana 
University  Coal  Demand  Study  were  to  allocate  all  of  the  increase  in 
coal -fired  generation  in  the  NGP  market  area  to  NGP  coal  or,  alterna- 
tively, to  assume  that  the  NGP  continues  to  supply  coal  based  on  its 
1980  contract  share  (see  Table  36). 

As  suggested  earlier,  NGPRP  used  their  market  definition  only  in 
allocating  a  shift  in  nuclear  capacity  in  the  high  case--where  they 
assumed  100%  of  the  increase  in  coal-fired  generating  capacity  would 
be  supplied  by  NGP  coal. 
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TABLE  35 

COMPARISON  OF  NUCLEAR  PROJECTIONS: 
NGPRP  AND  MONTANA  UNIVERSITY  COAL  DEMAND  STUDY 


(Billions  of  KWH  Generation) 
1980       1985       2000 


A.  NGPRP  "High  Projection"  Market 
Area  -  one-half  MAIN,  SWPP,  ERCOT, 
MARCA,  one-half  WSCC  market^O 

Intermediate 

349.5 

2119.3 

High 

324.7 

1695.4 

B.  Montana  University  Coal  Demand 
Study  Projection-^' 

All  FGD  Market 

1%  (Annual  Rate 
(of  Growth 

3%     (in 

(Electrical 

5%  (Consumption 

98.0 
98.0 
98.0 

308.0 
308.0 
308.0 

378.6^^ 

596. 7^^ 

1010.2^2 

3°Based  on  a  load  factor  of  61.3  in  1985  and  69.2  in  2000  [from 
NGPRP  (1974),  11-106]. 

2 'Based  on  McBride,  Working  Paper  #  7. 

^^Assumes  50%  of  new  electrical  growth  is  allocated  to  nuclear 
fuel  in  1986-2000. 


TABLE  36 


COMPARISON  OF  COAL  SOURCE  PROJECTIONS 
FOR  THE  NGP  COAL  MARKET  AREA: 

NGPRP  AND  MONTANA  UNIVERSITY  COAL  DEMAND  STUDY 
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Annual  Rate  of  Growth 
in  Electrical  Generation 


Share 


33 


Montana  University  Coal 
Demand  Study  Projection^^ 

1.  NGP  Supplies  all  Coal 
used  in  its  Market  Area 

2.  NGP  Supplies  1980-based 
Contract  Share  of: 


100% 


a. 

Constant  share 
vis-a-vis 
Other  fuels 

to 

coal 

1% 
3% 
5% 

b. 

Residual  share 
vis-a-vis 
Other  fuels 

to  coal 

1% 
3% 
5% 

NGPRP 

Projection 

1.  Intermediate  Projection  - 
MAIN,  SWPP,  MARCA,  WSCC  market 

2.  High  Projection  - 
one-half  MAIN,  SWPP,  ERCOT, 
MARCA,  one-half  WSCC  market 


88% 
77% 
67% 

99% 
69% 
52% 


100% 


100% 


•^^Share  of  total  coal  used  in  the  market  area  for  electrical 
generation. 

34  All  FGD  market. 
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Summary 

Table  37  summarizes  the  key  assumptions  in  comparing  our  projec- 
tion with  NGPRP.  As  can  be  seen,  NGPRP  estimates  of  market  size,  1980 
coal  contracts,  and  coal -fired  share  of  total  generation  are  lower  than 
those  of  the  Montana  University  Coal  Demand  Study.  The  NGPRP  estimates 
of  total  electrical  generation  growth,  nuclear  generation,  and  market 
share  are  higher  than  ours.  Hence  the  NGPRP  projections  are  somewhat 
lower  than  the  Montana  University  Coal  Demand  Study  for  the  years  1980 
and  1985. 

However,  in  the  year  2000,  after  the  NGPRP  extremely  high  estimate 
of  total  electrical  generation  growth  has  had  an  effect,  their  estimates 
are  on  the  upper  end  of  our  range.  If  the  Montana  University  Coal 
Demand  Study  methodology  were  the  same  as  that  of  the  NGPRP,  by  multi- 
plying the  ratio  of  the  assumptions  in  each  projection  one  should  be 
able  to  get  the  same  ratio  as  that  between  the  projections  themselves. 
This  is  done  in  Table  38  for  the  year  2000,  comparing  the  NGPRP  inter- 
mediate projections  to  our  3%   (constant  share  to  coal)  projection 
(246  tons/252  tons  =  .96),  and  the  NGPRP  high  projection  to  our  5% 
(residual  share  to  coal)  projection  (666/334.7  =  1.95). 
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TABLE  38 

COMPARISON  OF  ASSUMPTIONS  FOR  SPECIFIC  YEAR  2000  PROJECTIONS: 

NGPRP  AND  MONTANA  UNIVERSITY  COAL  DEMAND  STUDY 

(Ratio  NGPRP/Montana  University  Coal  Demand  Study) 


Electrical  Fuel 

Projection        Market  Generation  Contracts  Mix   Share  Product 

Ratio  intermediate   (33)    ^2.14)     (.77)   (.40)  (1.30)  ••78 


Ratio    ^^      (.76)    (1.45)     (.77)   (.61)  (1.89)  =  .98 


As  can  be  seen,  the  product  of  these  ratios  is  close  to  the  ratio 
of  the  actual  projections  for  the  intermediate  vs.  3%   case  (.78  vs.  .95) 
but  off  by  a  factor  of  two  for  the  high  vs.  5%   case  (.98  vs.  1.95).  This 
difference  can  be  attributed  to  the  inconsistent  way  in  which  NGPRP  uses 
its  definition  of  the  market  for  NGP  coal— making  ad  hoc  adjustments  to 
get  a  high  projection. 

B.  Project  Independence 
FEA's  "Project  Independence"  has  produced  thousands  of  pages  of 
documents.  But  the  formal  model  that  was  used  in  its  projections  has 
yet  to  be  published  (November,  1975).  One  has  to  depend  upon  the  general 
(non-technical)  discussion  in  the  Project  Independence  Report  (FEA,  1974) 
despite  the  gaps  and  inconsistencies  in  that  800-page  document.  The  Project 
Independence  Report  (PIR)  attempts  to  project  to  the  year  1985  what  both  the 
supply  and  demand  for  alj_  energy  resources  will  be.  In  that  regard  it 
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deals  with  both  a  more  contained  and  a  much  broader  problem  than  that 
we  have  focused  on.  In  a  brief  section,  the  PIR  looks  beyond  1985.  The 
following  comments  will  focus  on  its  coal  and  electric  energy  aspects. 

The  PIR's  model  can  be  broken  into  three  parts:  Data  Resources 
Incorporated,  a  Cambridge  consulting  firm  built  around  Harvard  and  MIT 
economists.  Dale  Jorgenson,  E.A.  Hudson,  et  al . ,  put  together  a  macro- 
economic  model   which  specified  for  selected  years  to  1985  the  level 
and  sectoral  distribution  of  GNP,  unemployment  rate,  rate  of  inflation, 
population,  real  personal  disposal  income,  etc.  The  output  from  this 
macro  model  then  became  the  input  to  separate  supply  and  demand  models. 
There  is  no  feedback  between  the  supply  and  demand  model  and  the  macro 

model.  As  a  result,  rising  energy  prices  cannot  affect  the  rate  of 

41 
growth  of  the  economy. 


For  further  details  of  the  Hudson-Jorgenson  model,  see  Thomas 
Power,  Working  Paper  #1. 

^'This  assumption  is  one  of  the  many  inconsistencies  in  the  PIR.  On 
pp.  319-320  the  results  of  feeding  higher  energy  prices  into  a  price- 
sensitive  input-output  macroeconomic  model  are  reported.  The  impact  of 
$11 /barrel  oil  as  opposed  to  $7/barrel  oil  is  to  reduce  the  expected 
rate  of  growth  of  GNP  1973-80  from  3.8%  to  2.8%.  By  1985,  however,  the 
impact  is  reduced  somewhat  so  that  the  1973-85  growth  rate  is  reduced  by 
only  one-half  of  that  percentage  point.  The  impact  is  entirely  through 
worker  productivity. 

FEA's  consultants.  Data  Resources  Incorporated,  were  also  the  Ford 
Foundation  Energy  Policy  Project's  consultants.  They  argue  (see  Hudson 
and  Jorgenson,  "Energy  in  the  United  States:  Projections  and  Policy," 
1974,  p.  473)  that  the  impact  of  a  "Zero  Energy  Growth"  policy  would  only 
reduce  real  income  by  4%  in  the  year  2000  as  compared  to  what  the  GNP 
would  be  under  the  "Historical  Growth"  pattern  of  energy  consumption. 
The  specification  was  for  constant  elasticity. 
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The  demand  model  consisted  of  equations  for  each  energy  type  by 
region  and  for  household,  industrial -commercial ,  and  transportation 
sectors.  The  demand  was  made  a  function  of  the  price  of  the  energy  type 
as  well  as  the  price  of  alternative  fuels,  per  capita  income,  level  of 
industrial  activity,  the  stock  of  equipment,  appliances,  houses,  the  size 
of  the  population,  etc.  These  equations  were  estimated  econometrically 
with  lagged  variables  so  that  short  and  long  run  elasticities  could  be 
estimated. 

The  supply  model  was  a  linear  programming  model  which  minimized  the 
cost  of  supplying  any  given  pattern  of  regional  demand  for  fuels  given  a 
broad  range  of  manpower,  capital,  material,  fuel  production  cost  schedules 
and  transportation  cost  constraints. 

The  demand  and  supply  models  were  integrated  in  a  crude  iterative 
process.  First,  a  given  set  of  fuel  prices  was  used  to  generate  a  pat- 
tern of  "unconstrained"  demand  (by  fuel,  sector,  and  region).  Then  the 
linear  programming  supply  model  generated  the  least  cost  supply  solution 
to  this  demand  pattern.  The  minimum  supply  prices  required  for  this 
solution  were  then  compared  with  the  prices  assumed  to  generate  the  demand 
pattern.  If  they  were  different,  the  demand  prices  were  moved  towards 
the  supply  prices  and  these  new  prices  were  used  in  the  demand  equations 
to  generate  a  new  demand  pattern  given  the  own  and  cross  price  elasticities 
in  the  demand  model.  Again,  supply  and  demand  prices  were  compared  and 
the  iterative  process  continued.  The  results  are  an  equilibrium,  con- 
sistent, regional  supply  and  demand  pattern  for  each  fuel.  In  particular, 
the  flow  of  coal  from  the  NGP  region  to  other  regions  for  electrical  gener- 
ation is  calculated  as  well  as  the  use  of  that  coal  for  other  purposes. 
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The  actual  coal  production  forecasts  in  the  PIR  are  summarized  in 
Table  39.  The  projection  of  the  previously  discussed  econometric  model 
is  for  36.9  million  tons/year  to  be  exported  from  the  NGP  region  in  1985. 
This  coal  flows  entirely  to  the  MARCA  regional  reliability  council  (in 
other  words,  no  farther  east  than  Minnesota  and  Western  Wisconsin).  This 
projection  is  much  lower  than  any  of  our  All  FGD  market  projections  and, 
in  fact,  is  lower  than  our  residual  estimate  for  1%  growth  and  contract- 
based  share  of  the  potential  market.  However,  whether  flue  gas  desulfu- 

42 
rization  costs  were  the  basis  of  the  PIR  projection  is  not  made  clear. 

PIR  also  published  coal  production  potential  estimates  (Table  40), 
These  estimates  (as  summarized  in  Table  41)  for  "business  as  usual"  and 
"accelerated"  scenarios  fall  within  the  range  of  our  All  FGD  market  pro- 
jection. Unfortunately,  the  basis  of  these  projections  is  not  spelled 
out  in  the  report,  and  in  fact  appear  to  be  an  estimate  of  the  upper 
reaches  of  supply  curve,  i.e.,  an  answer  to  the  question  "how  much  coal 
could  we  produce  at  most"  rather  than  "how  much  will  be  produced."  This 
table  is  evidently  based  on  the  work  of  the  PIR  Coal  Task  Force.  The 
closest  they  come  to  explaining  their  methodology  is  the  following 
quotation: 


4? 

^^The  PIR  coal  "flows"  from  the  NGP,  and  our  NGP  coal  "production" 

for  electrical  generation  projections  cannot  be  directly  compared  because 

the  use  of  NGP  coal  within  the  NGP  must  be  added  to  the  coal  exports  to 

get  total  production  within  the  NGP  (for  electrical  generation).  Tables 

19  and  20,  pages  56  and  57,  indicate  that  about  36%  of  NGP  production 

will  be  for  use  in  NGP  states  in  1980  (50  of  140  million  tons).  If  an 

adjustment  of  this  magnitude  were  made  in  the  above  PIR  "flow"  figure, 

total  NGP  production  for  electric  generation  would  be  57.6  million  tons. 
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TABLE  39 


COMPARISON  OF  PRODUCTION  FORECASTS  1980-2000: 

PROJECT  INDEPENDENCE  REPORT  AND 
MONTANA  UNIVERSITY  COAL  DEMAND  STUDY 


(Millions  of  tons) 
1980     1985     1990     2000 


A.  Project  Independence 

1.  Coal  Production 
Potentiar-^ 

Business  as  Usual 

101.6 

155.1 

188.1 

Accelerated 

186.8 

303.8 

382.1 

2.  Coal  flows  by 

Originating  Region'^^ 

36.9 

B.  Montana  University^ 
Coal  Demand  Study 

All  FGD  Market 
(Constant  Share  to  Coal) 

1%  growth 

136 

109 

126 

3%  growth 

136 

137 

214 

5%  growth 

136 

173 

360 

Partial  FGD  Market 

1%  growth 

136 

34 

52 

^3piR  (November,  1974),  Table  11-21,  p.  108. 
^^Ibid.,  Table  V-17,  p.  275. 
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TABLE  41 

COMPARISON  OF  PROJECT  INDEPENDENCE  REPORT 
"PRODUCTION  POTENTIAL"  AND  "COAL  FLOWS"  ESTIMATES 


Region 

Base  Case'*^ 
Flows 

Percentage 

BAU*6 
Production 
Potential 

Percentage 

Northern  Appal achia 

169.7 

16 

243.4 

22 

Southern  Appalachia 

222.7 

21 

374.2 

34 

Interior 

465.3 

43 

227.2 

21 

Gulf 

35.0 

3 

42.5 

4 

Northern  Great  Plains 

;    36.9 

3 

155.1 

14 

Rocky  Mountain 

13.1 

1 

39.1 

4 

Pacific  Coast 

134.4 

13 
100 

18.7 

2 

Total 

1082.1 

1100.2 

100 

45 
46 


Derived  PIR,  Table  V-17,  p.  275. 
Ibid.,  Table  11-21,  p.  108. 
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The  method  of  establishing  produotion  levels  under  the 
two  saenca'ios  veiled  move  heavily  upon   "knowledge  of 
the  industvy"  than  it  did  upon  a  demonstvable  technique . 
While  the  estimating  technique  can  be  debated,   in  the 
light  of  the  size  of  the  Demonstrated  Coal  Resewe  Base 
of  the  United  States  the  pvoduction  levels  could  be  set 
substantially  highev  without  invoking  a  supply  con- 
stvaint.     The  appvoaah  also  pvesupposed  an  incvease  in 
pvoductive  capacity  in  1972  and  1974  that  may  ov  may 
not  be  accuvate,   but  the  diffevences  between  assumption 
and  fact  ave  not  lavge  enough  to  bias  the  study.    ' 

Similarly,  in  the  main  PIR  under  "Major  Findings"  it  is  noted  that: 

The  coal  industry  has  the  capacity  to  satisfy  almost 
any  foveseeable  demand  fov  coal  by  1985,  at  prices 
near  1972-197S  levels  and  considerably  below  current 
spot  market  levels.      To  the  extent  that  investment 
decisions  will  have  to  be  made  in  the  immediate  future 
to  achieve   long-range  production  goals,   a  sufficient 
return  on  investment  and  resolution  of  major  uncer- 
tainties will  be  needed.     Since  unconstrained  maximum 
production  levels  could  be  very  high.   Business- As -Usual 
and  Accelerated  Development  scenarios  were  developed  so 
that  demand  and  resource  constraints  would  limit  supply. 
Under  BAU,  and  certainly  under  AD,  production  potential 
exceeds  most  estimates  of  demand. 

If  one  assumes  then  that  the  36  million  tons/year  out  of  the  NGP 
is  the  PIR  "serious"  projection,  where  both  supply  and  demand  are  taken 
into  account,  their  projection  is  markedly  low.  Thirty-six  million  tons 
in  1985  is  only  25%  of  our  estimate  for  firm  1980  contracts. 

Interestingly, the  difference  between  the  "productive  potentials" 
of  the  regions  and  the  projections  of  coal  "flows"  from  the  regions  is 
not  due  to  differences  in  the  assumed  total  national  coal  productions. 


47 

FEA,  Project  Independence  Blueprint,  Final  Task  Force  Report, 

Coal  (November,  19/4),  p.  19. 
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It  may  be  concluded  that  PIR  seriously  misestimates  the  market  for 
NGP  coal.  In  passing,  it  may  be  noted  that  their  projection  for  elec- 
tric energy  demand  growth  is  high  for  1973-1985,  at  6.5%,  but  drops  to 
2%  in  1985-2000.^^  This  offers  some  support  for  the  "stepped"  growth 
rates  produced  by  our  price-sensitive  model.  We  also  attempted  to  com- 
pare PIR  electrical  utility  coal  consumption  estimates  to  ours  on  a 
similar  basis.  For  a  market  which  is  91%  of  our  All  FGD  market,  they 
project  a  demand  for  237  million  tons/year  in  1985.  "^  This  is  larger 
than  our  estimates  for  158-173  million  tons  at  3%-5%  growth  and  constant 
share  to  coal  fuel  mix. 

Further  discussions  of  PIR  electrical  generation  and  total  energy 

50 
growth  analyses  may  be  found  elsewhere. 

C.  Regional  Projections 
The  only  other  independent  projections  concerning  NGP  coal  are  for 
sub-regions  of  the  total  market  area.  As  mentioned  earlier,  Paul  Polzin 
at  the  University  of  Montana  has  projected  coal  development  for  Eastern 
Montana,  and  Hinman  et  al . ,  at  Washington  State  University,  have  pro- 
jected the  demand  for  coal  and  uranium  in  Idaho,  Oregon  and  Washington. 
These  reports  are  discussed  below. 

Polzin  -  Eastern  Montana 

Polzin' s  Water  Use  and  Coal  Development  in  Eastern  Montana  (Novem- 
ber, 1974)  is  primarily  an  analysis  of  the  socio-economic  impact  asso- 
ciated with  coal  development.  Out  of  a  160-page  report,  only  four  pages 


%IR,  pp.  430-35,  and  127 


*9Derived  PIR  Appendix,  pp.  274-275. 
^"Thomas  Power,  Working  Paper  #1,  pp.  14-31 
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are  devoted  to  identifying  the  likely  level  of  development  on  which  to 
base  the  impact  analysis.  Polzin's  results  are  summarized  in  Table  42 
and  compared  to  our  projections  for  Montana  in  Table  43.  Polzin's  1980 
projection  for  non-gasification  coal  is  49  million  tons,  higher  than 
our  1980  estimate  of  firm  contracts.  His  1985  projection  of  61  million 
tons  is  also  above  our  3%  and  5%  growth  range  for  the  market. 

Polzin's  estimate  for  coal  used  in  Montana  is  based  on  the  2,060  MW 
increase  in  coal-fired  capacity  by  1980  based  on  four  plants  proposed 
or  under  construction,  plus  another  1,000  MW  by  1985.  These  numbers, 
assuming  a  load  factor  of  55.1  (based  on  FPC  estimates  for  1985),  imply 
a  8.01X  annual  growth  in  electrical  generation  for  1973-1985  in  Montana. 
According  to  Polzin,  his  estimates  for  export  demand  are  based  on  "exist- 
ing long-term  contracts  for  Montana  coal  and  a  moderate  growth  in  new 

51 
demand."    The  contract  information,  market  assumption,  and  growth 

rates  are  not  spelled  out.  His  coal  gasification  estimates  are  slightly 
higher  than  ours. 

To  conclude,  Polzin's  estimate  of  demand  within  Montana,  based  on 
coal-fired  plants  currently  proposed  or  under  construction,  is  close 
to  our  own.  His  estimate  for  export  demand,  which  is  not  based  on  ex- 
tensive analysis,  is  a  reasonable  guess,  but  somewhat  above  our  range. 

Butcher,  et  al .  -  Pacific  Northwest 

Walter  Butcher  and  others  at  the  Washington  State  University 
Environmental  Research  Center  have  made  projections  of  energy  consumption 


51 


Polzin  (1974),  p.  97. 
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TABLE  43 


COMPARISON  OF  PROJECTED  COAL  PRODUCTION 
FOR  MONTANA  1980-2000 

POLZIN  AND  MONTANA  UNIVERSITY  COAL  DEMAND  STUDY 


(Millions  of  Tons) 
1980        1985        2000 


A.  Coal  for 

Electrical  Generation 

Montana  University 
Coal  Demand  Study^^ 


Polzin 


All  FGD  Market  1% 
Estimate 

3% 

38 
38 

30 

38 

35 
59 

5% 

38 

48 

•   99 

n 

49 

61 

__ 

B.  Coal  Gasification 

Montana  University 
Coal  Demand  Study 

High  Projection 

53 
Polzin  "^ 


Q 
0 


8 
16 


8 


52 
53, 


Based  on  1980  contract  share  of  27.6%  of  NGP  coal  production, 


Paul  E.  Polzin,  Water  Use  and  Coal  Development  in  Eastern  Montana 
(November,  1974),  Table  3,2,  p.  98. 
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54 
for  the  Pacific  Northwest  (Washington,  Oregon  and  Idaho).    Their  pro- 
jections are  by  energy  source  and  consuming  sector.  Unfortunately  for 
comparative  purposes,  coal  and  uranium  are  lumped  together  as  a  fuel 
source  for  thermal  generation  of  electricity.  Without  a  specific  assump- 
tion concerning  the  future  share  of  generation  that  will  be  nuclear  (or 
coal-fired),  a  specific  coal  demand  forecast  cannot  be  derived.  However, 
it  is  of  interest  to  compare  their  electrical  generation  forecast  to 
our  own. 

As  can  be  seen  from  Table  44,  their  projection  for  total  PNW  genera- 
tion falls  between  our  1%  and  3%  growth  scenarios.  Under  their  "no 
price  response"  projection,  generation  grows  at  2.0%  between  1980  and 
2000.  Under  the  "low  response  to  $7  crude"  projection,  generation  grows 
at  1.8%  annually,  and  under  the  "high  response  to  $11  crude,"  at  1.4%. 
The  specific  assumptions  here  are  a  long-run  price  elasticity  for  elec- 
tricity of  -1.12  and  a  cross  price  elasticity  with  natural  gas  of  .81 

55 
and  fuel  oil  of  0.10.    By  comparison,  our  own  price  elasticity,  while 

state  specific,  averaged  -1.21  for  the  residential  sector,  and  our 

natural  gas  cross  price  elasticity  was  substantially  lower,  0.13-0.21. 

These  elasticities  were  used  to  calculate  a  correction  factor,  assumed 

to  have  full  effect  in  1990  [the  square  root  of  the  correction  factor 

was  used  in  1980].  The  price  changes  were  assumed  to  be  in  the  near 

future  and  were,  therefore,  not  made  time  dependent.  Butcher  et  al.'s 

price  changes  are  summarized  in  Table  45. 


54 
Walter  Butcher,  George  Hinman,  and  Paul  Swamidas,  Energy  Forecasts 

for  the  Pacific  Northwest  (September,  1975).  In  the  discussion  below  we 

have  only  examined  their  projection  based  on  the  OBERS  Series  E,  although 

they  dp  a  Series  C  scenario  also. 


do  a  ben 
55  Ibid., 


Table  III-148a. 


TABLE  44 


COMPARISON  OF  ELECTRICAL  GENERATION  PROJECTIONS 
FOR  THE  PACIFIC  NORTHWEST: 

MONTANA  UNIVERSITY  COAL  DEMAND  STUDY  AND  BUTCHER,  ET  AL, 
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(Billions  of  KWH) 
1980     1985     1990 


2000 


Montana  University 
Coal  Demand  Study 


1%  growth  hydro 
thermal 

133.9 
1.3 

136.0 
6.1 

total 

135.2 

142.1 

3%   growth  hydro 
thermal 

133.9 
21.2 

136.0 
43.8 

total 

155.1 

179.8 

5%  growth  hydro 
thermal 

133.9 
43.6 

136.0 
90.5 

total 


177.5 


226.5 


150.0 
15.0 

165.0 

150.0 
130.1 

280.1 

150.0 
320.8 

470.8 


Butcher,  et  al . ,  Series  E 


56 


No  price  response 

hydro 
2.0%     thermal 

108.5 
38.1 

108.5 
71.3 

108.5 
110.9 

total 

146.6 

179.8 

219.4 

Low  response  to  $7  crude 

hydro 
1.8%     thermal 

108.5 
38.1 

108.5 
56.9 

108.5 
92.1 

total 

141.1 

165.4 

200.6 

High  response  to  $11  crude 

hydro 
1 .4%     thermal 

108.5 
21.1 

108.5 
32.6 

108.5 
61.6 

total 

129.6 

141.1 

170.1 

56 


Derived  from  Butcher,  Hinman  and  Swamidas,  Tables  III-123  to  146. 
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For  comparison  with  our  own  price  change  assumptions,  their  price 
changes  can  be  made  time  specific.  Since  they  assume  no  further  changes 
from  1971-2000,  on  an  annual  basis  (as  summarized  in  Table  46)  their 
electrical  price  change  is  .8%-3,0%  a  year,  and  their  natural  gas  annual 
growth  rate  is  1.5%-5.2%.  This  is  on  the  low  end  of  our  range  of  1%,  3%, 
and  5%  growth  for  electric  prices,  and  3%,  5%,  and  7%  growth  for  natural 
gas  prices.  If  the  price  changes  are  examined  on  a  1971-1980  basis, 
their  changes  are  on  the  high  end  of  our  range. 

As  can  be  seen  from  Table  44,  the  Butcher  et  al .  estimate  of  hydro- 
electric generation  calls  for  no  change  from  1980-2000  (108.5  billion  KWH). 

This  is  substantially  lower  than  our  estimate  of  133.9  and  150  billion  KWH 

57 
for  1980  and  2000,  respectively.    For  some  reason,  their  1971  base  figure 

of  331  trillion  BTU's  of  hydro  generation  or  97.1  billion  KWH  is  substan- 
tially below  the  Edison  Electric  Institute  data  for  that  year  (113.2 
billion  KWH),  while  their  total  generation  figure  (112.6  billion  KWH)  is 
quite  close  to  the  Edison  Electric  totals  (115  billion  KWH). 

Even  without  price  adjustment,  their  estimate  of  electrical  genera- 
tion growth  of  2.0%  1980-2000  is  substantially  lower  than  FPC  estimates 
of  4.9%  annual  growth  for  the  Western  Systems  Coordinating  Council  region. 
Their  methodology  for  manufacturing,  extractive  and  commercial  sectors  was 
basically  to  calculate  energy  consumption  per  dollar  of  output  and  apply 
this  number  to  the  OBERS  projection  of  future  earnings  in  the  particular 


57 
The  Montana  University  Coal  Demand  Study  does  not  specifically 

project  hydroelectric  generation  for  the  Pacific  Northwest.  The  estimates 

reported  here  are  based  on  applying  our  methodology  to  published  data  on 

existing  and  potential  hydroelectric  generating  facilities  in  Washington, 

Oregon  and  Idaho. 
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TABLE  46 

58 
GROWTH  IN  REAL  ELECTRIC  AND  GAS  PRICES 


Residential 

Coiinnercial 

Industrial 

Low 

Hiflh 

Low 

Hiqh 

Low 

High 

Electricity 

@  1971-1980 

2.6% 

6.6% 

2.5% 

5.7% 

5.4% 

9.6% 

@  1971-2000 

.8 

2.0 

.8 

1.8 

1.7 

3.0 

Natural  Gas 

@  1971-1980 

4.9 

7.9 

6.0 

9.4 

12.3 

16.9 

@  1971-2000 

1.5 

2.5 

1.9 

2.9 

3.8 

5.2 

Derived  from  Butcher,  et  al . ,  Table  III-147, 
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sector.  They  assumed  energy  per  dollar  of  output  was  constant  except 
in  lumber  and  wood  products,  and  pulp  and  paper,  where  it  was  assumed 

to  be  30%  higher  beyond  1980.  The  residential  energy  demand  was  cal- 

59 
culated  using  an  appliance  saturation  model.    The  consumption  for 

appliance  of  type  "i"  is  given  by: 

Ai(t)  =  aO  N|^(t)S.(t) 

where: 

A. (t)  =  consumption  by  appliances  of  type  i  in  year  t; 

0 

A.    =  consumption  per  appliance  of  type  i; 

N^(t)  =  household  number  in  year  t;  and 

S^-(t)  =  fraction  of  households  having  appliance  i  (saturation  ratio). 

The  saturation  ratios  S.(t)  were  assumed  to  have  the  form  S-(t)  = 

1  -  a-e^i  ^''~'^°^^  for  all  electrical  appliances  except  televisions,  where 

2  -  a^ye"^^'*"'^"^'  was  used.  The  values  of  a.,-  and  b.  were  found  by 
fitting  saturation  ratios  reported  in  Merchandising  Week.  As  an  example, 
approximately  43%  of  all  households  were  estimated  to  have  freezers  in 
1970,  but  67%  in  1990. 

Obviously,  this  methodology  is  quite  different  from  the  usual  histor- 
ical projection  methodology  and  results  in  substantially  lower  projected 
growth  rates. 

To  conclude,  while  Butcher  et  al .  have  not  developed  specific  coal 


CQ 

■"^Also  discussed  in  Thomas  Power,  Working  Paper  #1,  pp.  53-55. 
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projections,  their  electrical  generation  projections  using  an  appliance 
saturation  methodology  suggests  that  future  growth  may  be  on  the  order 
of  2%.  This  suggests  the  plausibility  of  our  low  and  medium  (1%  and 
3%)  assumptions  concerning  the  growth  of  electrical  generation.  The 
parameters  used  in  their  price-sensitive  projections  are  roughly  com- 
parable to  our  own. 
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APPENDIX  I 
1 .  PROJECTED  ELECTRIC  ENERGY  GENERATION  FOR  THE 
NORTHERN  GREAT  PLAINS  (NGP)  COAL  MARKET  AREA 

TABLE  A:  TOTAL  ELECTRIC  GENERATION  FOR  THE  NGP  COAL  MARKET  AREA 


Constant  Annual 


(Billions  of  Kilowatt  Hrs/Year) 


Market    G 

Seneration  Growth 

1973^ 
725.9 

Estimate 

Assumption 

1980 
778.2 

1985 
817.9 

2000 

1% 

949.6 

All  FGD 

3% 

725.9 

892.8 

1035.0 

1612.4 

5% 

725.9 

1021.4 

1303.6 

2710.1 

1% 

373.1 

425.4 

465.1 

596.8 

Partial  FGD 

3% 

373.1 

540.0 

682.2 

1259.6 

S% 

373.1 

668.6 

950.8 

2357.3 

1% 

373.1 

400.0 

420.4 

488.1 

All  SCS 

3% 

373.1 

458.9 

532.0 

828.8 

5% 

373.1 

525.0 

670.1 

1393.0 

2.  FUEL  MIX  PROJECTIONS 

TABLE  B:  COAL-FIRED  GENERATION  MAINTAINS  ITS  CURRENT   (1972)   SHARE  OF 
ELECTRIC  ENERGY  PRODUCTION 


Constant  A 

nnual 

(Bil 

lions  of  Ki 

lowatt  Hr 

s/Year) 

Market 

Generation 

Growth 

Estimate 

Assumption 

1973 
283.4 

1980 
303.5 

1985 
319.0 

2000 

1% 

370.3 

All  FGD 

3% 

283.4 

348.2 

403.7 

628.8 

(39%) 

5% 

283.4 

398.3 

508.4 

1056.9 

1% 

51.6 

71.7 

87.2 

138.5 

Partial  FGD 

3% 

51.6 

116.4 

171.9 

397.0 

5% 

51.6 

166.5 

276.6 

825.1 

1% 

51.6 

55.2 

58.0 

67.4 

All  SCS 

3% 

51.6 

63.3 

73.4 

114.4 

(13.8%) 

5% 

51.6 

72.5 

92.5 

192.2 

^Actual 

1  generation 

1  based 

on  Edison 

Electric  Institute, 

Statistical 

Year  Book  of  the  Electric  Utility  Industry.  1973,  Table  13S, 
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TABLE  C:  HYDROELECTRIC  GENERATION^ 

Constant  Annual       (Billions  of  Kilowatt  Hrs/Year) 


Market 
Estimate 

Generation  Growth 
Assumption 

1973 
140.8 

1980 
173.1 

1985 
177.0 

2000 

All  FGD 

195.7 

Partial 

FGD 

129.8 

162.1 

165.8 

184.4 

All  SCS 

129.8 

161.8 

165.7 

182.8 

TABLE  D: 

NUCLEAR 

FUELED  generation'^ 

Market 
Estimate 

Constant  Annual 
Generation  Growth 
Assumption 

(Billions  of  Kilowatt  Hrs 

1973      1980     1985 

37.1      98.0     308.0 
37.1      98.0     308.0 
37.1      98.0     308.0 

;/Year) 
2000 

All  FGD 

1% 
3% 
5% 

378.6^ 
596.7 
1010.2 

Partial 

FGD 

1% 
3% 
5% 

8.3 
8.3 
8.3 

69.2 
69.2 
69.2 

279.2 
279.2 
279.2 

349.8 
567.9 
981.4 

All  SCS 

1% 
3% 
5% 

8.3 
8.3 
8.3 

30.0 

.  30.0 

30.0 

130.0 
130.0 
130.0 

159.0 
248.7 
419.2 

TABLE  E: 

SUBTOTAL:   HYDROELECTRIC,    NUCLEAR, 

AND  GAS 

FUELED  generation^ 

Market 
Estimate 

Constant  Annual 

Generation  Growth 

Assumption 

(Billions  of  Ki 

1973      1980 

414.4     507.6 
414.4     507.6 
414.4     507.6 

lowatt  Hrs 

1985 

721.5 
721.5 
721.5 

i/Year) 
2000 

All  FGD 

1% 
3% 
5% 

810.8 
1028.9 
1442.4 

Partial 

FGD 

1% 
3% 
5% 

315.4 
315.4 
315.4 

408.6 
408.6 
408.6 

622.3 
622.3 
622.3 

711.5 

929.6 

1343.1 

All  SCS 

1% 
3% 
5% 

315.4 
315.4 
315.4 

369.1 
369.1 
369.1 

473.0 
473.0 
473.0 

519.1 
608.8 
779.3 

^McBride,  Working  Paper  #6. 

^McBride,  Working  Paper  #7. 

^Assumes  that  half  of  new  generation  in  the  years  1985-2000  goes 
to  nuclear  fuel  in  the  All  FGD  market  and  forty  percent  of  new  generation 
in  the  All  SCS  market  is  nuclear. 

'^Assumes  gas  fired  generation  is  fixed  at  1973  levels  (for  the  All 
FGD  market,  236.5  Billion  KWH/yr,  for  the  All  SCS,  177.3  Billion  KWH/yr). 
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TABLE   F:      COAL-FIRED  ELECTRIC  GENERATION  AS  A  RESIDUAL  GIVEN  HYDROELECTRIC, 
NUCLEAR y   AND  GAS  FUELED  GENERATION^ 


Market 
Estimate 


All  FGD 


Constant  Annual 

Generation  Growth 

Assumption 

1% 
3% 
5% 


Partial  FGD 


All  SCS 


1% 
3% 
5% 

1% 
3% 
5% 


(Billions  of  Kilowatt  Hrs/Year) 
1973      1980     1985     2000 


311.5 
311.5 
311.5 

270.6 
385.2 
513.8 

96.4 
313.5 
582.1 

138.8 

583.5 

1267.7 

57.7 
57.7 
57.7 

16.8 
131.4 
260.0 

0 
59.9 
328.5 

0 

330.0 

1014.0 

57.7 
57.7 
57.7 

30.9 

89.8 

155.9 

0 
59.0 
197.1 

0 

220.0 
613.7 

3.  COAL  SOURCE  PROJECTION:  ASSUME  THAT  THE  NGP  SUPPLIES 
ALL  COAL  FOR  ELECTRIC  GENERATION  IN  ITS  MARKET  AREA 


TABLE  G: 


Market 
Estimate 


All  FGD 


COAL  PRODUCTION  ASSUMING  THAT  COAL -FIRED  GENERATION  MAINTAINS 
ITS  CURRENT  SHARE  OF  ELECTRIC  ENERGY  PRODUCTION 


Constant  Annual 

Generation  Growth 

Assumption 

1% 

3% 


Partial  FGD 


All  SCS 


n 

3% 


n 

3% 

5% 


(Millions  of  Tons)' 
1973      1980     1985 


143.9 
143.9 
143.9 

33.2 
33.2 
33.2 

33.2 
33.2 
33.2 


154.1 
176.8 
202.2 

43.4 
66.1 
91.5 

.  35.5 
40.8 
46.7 


161.9 
204.9 
258.1 

51.2 

94.2 

147.4 

37.3 
47.3 
59.6 


2000 

188.0 
319.2 
536.6 

77.3 
208.5 
425.9 

43.4 

73.6 

123.7 


"^Assumes  0%  share  to  oil  (1973  actual  3.8%  and 
and  All  SCS  markets,  respectively). 

'Uses  1973  All  FGD  market  average  of  1.9698  x  10-^  KWH/ton  and  All 
SCS  market  average  of  1.5533  x  10-^  KWH/ton  (based  on  data  in  FPC  News , 
May  24,  1974,  p.  23). 


1.6%  in  the  All  FGD 
3 
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TABLE  H:  COAL  PRODUCTION  BASED  ON  THE  ASSUMPTION  THAT  THE  RESIDUAL 
SHARE  OF  THE  FUEL  MIX  WITHIN  THE  NOP  MARKET  AREA   WILL  BE 
FILLED  BY  COAL-FIRED  GENERATION 


Constant  , 

Annual 

(Millions  o 

if  Tons) 

Market 

Generation 

Growth 

Estimate 

Assumpt 

ion 

1973 
143.9 

1980 
137.4 

1985 
48.9 

2000 

n 

70.5 

All  FGD 

3% 

143.9 

195.6 

159.2 

296.2 

5% 

143.9 

260.8 

295.5 

643.6 

}% 

33.2 

16.5 

0 

0 

Partial  FGD 

3% 

33.2 

74.7 

38.3 

175.3 

5% 

33.2 

139.9 

174.6 

522.7 

n 

33.2 

19.9 

0 

0 

All  SCS 

3% 

33.2 

57.8 

38.0 

141.6 

5% 

33.2 

100.4 

126.9 

395.1 
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4.  COAL  SOURCE  PROJECTION:  ASSUME  THAT  THE  NGP 

CONTINUES  TO  SUPPLY  ITS  1980  CONTRACT-BASED 

SHARE  OF  ELECTRIC  UTILITY  COAL  CONSUMPTION 


TABLE  I :  COAL  PRODUCTIOIJ  ASSUMING  THAT  COAL-FIRED  GENERATION  MAINTAINS 
ITS  CURRENT  SHARE  OF  ELECTRIC  ENERGY  PRODUCTION 


Constant  Annual 

NGP  Coal 

(M 

!i  11  ions  of 

Tons) 

Market 

Generation 

Growth 

Market 

1985^ 
108.5 

2000^ 

Estimate 

Assumpt- 

ion 

Share 
.88 

1980 
135.7 

n 

126.0 

All  FGD 

3% 

.77 

135.7 

137.3 

213.8 

5% 

.67 

135.7 

172.9 

359.5 

9      ^* 
FGD^      3% 

.88 

135.7 

34.4 

51.8 

Partial 

.77 

135.7 

63.1 

139.8 

5% 

.67 

135.7 

98.8 

285.4 

n 

2.41 

85.5 

68.3 

79.4 

All  SCS 

3% 

2.09 

85.5 

86.6 

134.7 

5% 

1.83 

85.5 

109.1 

226.4 

o 

"The  1985  and  2000  estimates  are  based  on  the  1980  contract  share 
at  the  5%  growth  rate  (i.e.,  on  the  share  implicit  in  utilities  expectations) 

^The  1980  All  FGD  and  Partial  FGD  estimates  are  the  same  since  it 
is  assumed  that  all  production  to  be  on  line  in  1980  is  already  con- 
tracted for.  No  empirical  basis  for  identifying  a  Partial  FGD  estimate 
1980  based  contract  share  (the  share  that  would  obtain  if  ICS  are  ap- 
proved for  existing  plants)  exists,  since  producers  are  behaving  as 
though  ICS  will  not  be  approved.  Therefore,  to  get  our  1985  and  2000 
Partial  FGD  estimate,  which  would  result  if  ICS  are  approved,  we  used 
the  All  FGD  market  share  as  an  approximation  (applied  to  Table  G).  This 
is  probably  low  since  NGP  coal  would  probably  have  a  larger  relative 
share  in  the  smaller  market  area. 
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TABLE  J:  COAL  PRODUCTION  BASED  ON  THE  ASSUMPTION  THAT  THE  RESIDUAL 
SHARE  OF  THE  FUEL  MIX  WITHIN  THE  NGP  MARKET  AREA  WILL  BE 
FILLED  BY  COAL-FIRED  GENERATION 


Constant  Annual 

NGP  Coal 

(Mill 

ions  of  To 

ns) 

Market 

Generation 

Growth 

Market 

1985^° 
25.4 

2000^° 

Estimate 

Assumpt- 

ion 

Share 
.99 

1980 
135.7 

1% 

36.7 

All  FGD 

3% 

.69 

135.7 

82.8 

154.0 

5% 

.52 

135.7 

153.7 

334.7 

n 

.99 

135.7 

0 

0 

Partial  FGD 

3% 

.69 

135.7 

19.9 

91.2 

5% 

.52 

135.7 

90.8 

271.8 

n 

4.29 

85.5 

0 

0 

All  SCS 

n 

1.46 

85.5 

31.9 

118.9 

s% 

.84 

85.5 

106.6 

331.9 

5.  COAL  SOURCE  PROJECTION:  ASSUME  THAT  THE  NGP  SUPPLIES 

ALL  COAL  FOR  NEW  ELECTRIC  GENERATION  IN  ITS  MARKET  AREA 

TABLE  K:  COAL  PRODUCTION  ASSUMING  THAT  COAL-FIRED  GENERATION  MAINTAINS 
ITS  CURRENT  SHARE  OF  ELECTRIC  ENERGY  PRODUCTION 


Constant  i 

Annual 

(Mi 

illions 

of 

Tons) 

Market 

Generation 

Growth 

1973^^ 
32.0 

Estimate 

Assumpt 

ion 

1980 
42.2 

1985 
50.0 

2000 

1% 

76.1 

All  FGD 

3% 

32.0 

64.9 

93.0 

207.3 

5% 

32.0 

90.3 

146.2 

424.7 

1% 

32.0 

34.3 

36.1 

42.2 

All  SCS 

3% 

32.0 

39.6 

46.1 

72.4 

5% 

32.0 

45.5 

58.4 

122.5 

The  Partial  FGD  Market  Estimate  is  identical  to  the  All  FGD  Market  Estimate 
in  this  configuration. 

l^The  1985  and  2000  estimates  are  based  on  the  1980  contract  share 
at  the  5%  growth  rate. 

1973  NGP  coal  production  as  reported  in  the  Northern  Great  Plains 
Resources  Program  Draft  Summary  Report,  September,  1974. 
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TABLE  L:  COAL  PRODUCTION  BASED  ON  THE  ASSUMPTION  THAT  THE  RESIDUAL 
SHARE  OF  THE  FUEL  MIX  WITHIN  THE  NGP  MARKET  AREA   WILL  BE 
FILLED  BY  COAL-FIRED  GENERATION 


Constant  Annual 

(Millions 

of  Tons) 

Market 

Generation 

Growth 

Estimate 

Assumpti 

ion 

1973 
32.0 

1980 
25.5 

1985 
0 

2000 

1% 

0 

All  FGD 

^% 

32.0 

83.7 

47.3 

184.3 

5« 

32.0 

148.9 

183.6 

531.7 

n 

32.0 

18.7 

0 

0 

All  SCS 

3X 

32.0 

56.6 

36.8 

140.4 

5% 

32.0 

99.2 

125.7 

393.9 

The  Partial  FGD  Market  Estimate  is  identical  to  the  All  FGD  Market 
Estimate  in  this  configuration. 


6.  CONSUMPTION 

OF 

NGP  COAL  FOR 

GASIFICATION 

TABLE  M:  COAL  GASIFICATION  PROJECT IOn'^'^ 

1980 

1985 

2000 

Number  of  Plants 

Low 

0 

0 

0 

Most  likely 

0 

0 

0 

High 

0 

3 

3 

Millions  of  Tons  of  Coal 

Low 

0 

0 

0 

Most  likely 

0 

0 

0 

High 

0 

22.5 

22.5 

12 
Richard  Stroup  and  Walter  Thurman,  Working  Paper  #2.  Assumes 

250  MM  Scf/day  plants  using  7.5  x  10^  tons/plant-year. 
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7.  CONSUMPTION  OF  NGP  COAL  AS  A  BOILER  FUEL 
TO  REPLACE  NATURAL  GAS 

TABLE  N:  COAL  REPLACEMEM  PROJECTION   (COAL  PRODUCTION  FROM  THE  NGP 
TO  REPLACE  NATURAL  GAS  SHORTFALLS )'^^ 

(Millions  of  Tons) 

1980          1985  2000 

Low                    0           0  0 

Most  likely              0           0  0 

High                    0         16.5-31.3^^  33-62.6^^ 

13 
This  assumes  that  the  shortfalls  are  all  assigned  to  industrial 

users.  Increases  in  industrial  demand  for  Natural  Gas  in  the  21 -state 

market  are  filled  by  both  NGP  coal  and  midwestern  coal.  The  share  of 

natural  gas  replacement  allocated  to  NGP  coal  is  the  same  as  the  NGP 

coal-fired  generation  share.  For  further  details  see  Montana  University 

Coal  Demand  Study  Working  Paper  #14  by  Walter  Thurman  and  Richard  Stroup. 

The  variation  in  coal  production  is  due  to  variations  in  coal 
production  prices.  The  highest  production  corresponds  to  a  coal  pro- 
duction price  of  $5.00/ton  while  the  low  corresponds  to  a  production 
price  of  $7. 50/ ton. 
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COAL  SOURCE  PROJECTION:  ASSUME  THAT  THE  NGP 
CONTINUES  TO  SUPPLY  ITS  1980  CONTRACT-BASED 
SHARE  OF  ELECTRIC  UTILITY  COAL  CONSUMPTION. 
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APPENDIX  II 
1.  PRICE-SENSITIVE  PROJECTION  OF  ELECTRIC  ENERGY  GENERATION 
FOR  THE  NORTHERN  GREAT  PLAINS  (NGP)  MARKET  AREA 


TABLE  A: 


PRICE-SENSITIVE  TOTAL  ELECTRIC  GENERATION  FOR  THE  NGP 
COAL  MARKET 


Electr- 

ic-Gas 

(Bill 

ions  of  Kilowatt  Hrs/Yi 

ear) 

Market 

Annual 

Price 

1973^ 

Estimate 

Growth  Assumption 

1980 

1985 

2000 

0%, 

0% 

725.9 

1081.4 

1328.4 

2063.6 

All  FGD 

FPC, 

3% 

725.9 

1052.5 

1251.9 

1719.9 

3%, 

5% 

725.9 

955.2 

1010.9 

890.8 

5%, 

7% 

725.9 

880.1 

844.2 

516.7 

0%. 

0% 

373.1 

728.6 

975.6 

1710.8 

Partial  FGD 

FPC, 

3% 

373.1 

699.7 

899.1 

1367.1 

3%, 

5% 

373.1 

602.4 

658.1 

538.0 

5%, 

7% 

373.1 

527.3 

491.4 

163.9 

0%, 

0% 

373.1 

572.6 

710.8 

1120.4 

All  SCS 

FPC, 

3% 

373.1 

556.6 

668.1 

926.0 

3%, 

5% 

373.1 

506.0 

541.4 

482.9 

5%, 

7% 

373.1 

466.1 

451.8 

280.0 

2.      FUEL 

MIX  PROJECTION 

TABLE  B: 

PRICE-SENSITIVE  COAL- 

-FIRED  GENERATION  — 

COAL  MAINTAINS  ITS 

CURRENT    (1972)   SHARE 

OF  FUEL  MIX 

Electric-Gas 

(Bill 

lions  of  Kilowatt  Hrs 

/Y 

ear) 

Market 

Annual 

Price 

Estimate 

Growth  Assumption 

1973 

1980 

1985 

2000 

0%, 

0% 

283.1 

421.7 

518.1 

804.8 

All  FGD 

FPC, 

3% 

283.1 

410.5 

488.2 

670.8 

(39%) 

3%, 

5% 

283.1 

372.5 

394.3 

347.4 

5%, 

7% 

283.1 

343.2 

329.2 

201.5 

0%, 

0% 

51.5 

190.1 

286.5 

573.2 

Partial  FGD 

FPC, 

3% 

51.5 

178.9 

256.6 

439.2 

3%, 

5% 

51.5 

140.9 

162.7 

115.8 

5%, 

7% 

51.5 

111.6 

97.6 

0 

0%, 

0% 

51.5 

79.0 

98.1 

154.6 

All  SCS 

FPC, 

3% 

51.5 

76.8 

92.2 

127.8 

(13.8%) 

3%, 

5% 

51.5 

69.8 

74.7 

66.6 

5%, 

7% 

51.5 

64.3 

62.3 

38.6 

^Actual 

generation  based  ( 

3n  Edison 

Electric  Institute, 

Statistical 

Year  Book 

Of 

^  the  Electric  Util 

ity  Indusi 

try, 

,1973, 

Table  13S. 
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TABLE  C:  HYDROELECTRIC  GENERATION^ 

(Billions  of  Kilowatt  Hrs/Year) 
1973      1980     1985     2000 


Electric-Gas 
Market      Annual  Price 
Estimate   Growth  Assumption 


All  FGD 
Partial  FGD 
All  SCS 


140.8 

173.1 

177.0 

195.7 

129.8 

162.1 

165.8 

184.4 

129.8 

161.8 

165.7 

182.8 

TABLE  D:  PRICE-SENSITIVE  NUCLEAR-FUELED  GENERATION^ 


Electric-Gas 


(Billions  of  Kilowatt  Hrs/Year) 


Market 

Annual  Price 

Estimate 

Growth  Assumption 

1973 

1980 

1985 

2000^ 

0%,  0% 

37.1 

98.0 

308.0 

675.6 

All  FGD 

FPC,  3% 

37.1 

98.0 

308.0 

542.0^ 

3%,  5% 

37.1 

98.0 

308.0 

308.0^ 

5%,  7% 

37.1 

98.0 

308.0 

308. 0^ 

0%,  0% 

8.3 

69.2 

279.2 

646.8 

Partial  FGD 

FPC,  3% 

8.3 

69.2 

279.2 

513. 2_ 

3%,  5% 

8.3 

69.2 

279.2 

279. 2^ 

5%.  7% 

8.3 

69.2 

279.2 

279. 2^ 

0%,  0% 

8.3 

30.0 

130.0 

293.8 

All  SCS 

FPC,  3%   ■ 

8.3 

30.0 

130.0 

233. 2_ 

3%,  5% 

8.3 

30.0 

130.0 

130.0^ 

5%,  7% 

8.3 

30.0 

130.0 

130. 0^ 

McBride,  Working  Paper  #6. 

McBride,  Working  Paper  #7. 

Assumes  that  half  of  new  generation  in  the  years  1985-2000  goes 
to  nuclear  in  the  All  FGD  market  and  forty  percent  of  new  generation 
in  the  All  SCS  market  is  nuclear. 

Where  there  is  a  projected  decline  in  new  generation  from  1985- 
2000,  it  is  assumed  that  nuclear  generation  is  at  the  1985  level. 
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TABLE  E: 

PRICE-SENSITIVE  SUBTOTAL:   HYDROELECTRIC, 

NUCLEAR, 

AND  CA!> 

FUELED  GENERATION^ 

Electr 

ic-Gas 

(Bill 

ions  of  Kilowatt  Hrs/Y( 

2ar) 

Market 

Annual 

Price 

Estimate 

Growth  Assumption 

1973 

1980 

1985 

2000 

0%, 

0% 

414.4 

507.6 

721.5 

1107.8 

All  FGD 

FPC, 

3% 

414.4 

507.6 

721.5 

974.2 

3%, 

5% 

414.4 

507.6 

721.5 

740.2 

5%, 

7% 

414.4 

507.6 

721.5 

740.2 

0%, 

0% 

315.4 

408.6 

622.3 

1008.5 

Partial 

FGD     FPC, 

3% 

315.4 

408.6 

622.3 

874.9 

3%, 

5% 

315.4 

408.6 

622.3 

640.9 

5%, 

7% 

315.4 

408.6 

622.3 

640.9 

0%, 

0% 

315.4 

369.1 

473.0 

653.9 

All  SCS 

FPC, 

3% 

315.4 

369.1 

473.0 

593.3 

3%, 

5% 

315.4 

369.1 

473.0 

490.1 

5%, 

7% 

315.4 

369.1 

473.0 

490.1 

TABLE   F:      PRICE-SENSITIVE  COAL  GENERATION  AS  A  RESIDUAL  GIVEN 
HYDROELECTRIC,    NUCLEAR  AND  GAS  FUELED  GENERATION' 


Electric-Gas 


(Billions  of  Kilowatt  Hrs/Year) 


Market 

Annual 

Price 

Estimate 

Growth  Assumption 

1973 

1980 

1985 

2000 

0%, 

0% 

311.5 

573.8 

606.9 

955.8 

All  FGD 

FPC, 

3% 

311.5 

544.9 

530.4 

745.7 

3%, 

5% 

311.5 

447.6 

289.4 

150.6 

5%, 

7% 

311.5 

372.5 

122.7 

0 

0%, 

0% 

57.7 

320.0 

353.2 

702.3 

Partial  FGD 

FPC, 

3% 

57.7 

291.1 

276.7 

492.2 

3%, 

5% 

57.7 

193.8 

35.7 

0 

5%, 

7% 

57.7 

118.7 

0 

0 

0%. 

0% 

57.7 

203.5 

237.8 

466.5 

All  SCS 

FPC, 

3% 

57.7 

187.5 

195.1 

332.7 

3%, 

5% 

57.7 

136.9 

68.4 

0 

5%, 

7% 

57.7 

97.0 

0 

0 

^Assumes  gas  generation  is  fixed  at  1973  levels  (for  the  All  FGD 
market,  236.5  Billion  KWH/yr,  for  the  All  SCS,  177.3  Billion  KWH/yr) . 


''Assumes  0%   share  to  oil  (1973  actual  3, 
FGD  and  All  SCS  markets,  respectively). 


and  1 .6%  in  the  All 


jfjigiwiiuap: 
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3.   COAL  SOURCE  PROJECTION:  ASSUME  THAT  THE  NGP  SUPPLIES 
ALL  COAL  FOR  ELECTRIC  GENERATION  IN  ITS  MARKET  AREA 


TABLE  G:  PRICE-SENSITIVE  COAL  PRODUCTION  ASSUMING  THAT  COAL-FIRED 
GENERATION  MAINTAINS  ITS  CURRENT  SHARE  OF  ELECTRIC  ENERGY 
PRODUCTION 

8 


Electric-Gas 

(Millions 

of  Tons) 

Market 

Annual 

Price 

Estimate 

Growth  Assumption 

1973 

1980 

1985 

2000 

0%, 

0% 

143.9 

214.1 

263.0 

408.6 

All  FGD 

FPC, 

3% 

143.9 

208.4 

247.8 

340.5 

3%, 

5% 

143.9 

189.1 

200.2 

176.4 

5%, 

7% 

143.9 

174.2 

167.1 

102.3 

0%, 

0% 

33.2 

103.4 

152.3 

297.9 

Partial  FGD 

FPC, 

3% 

33.2 

97.7 

137.1 

229.8 

3%, 

5% 

33.2 

78.4 

89.5 

65.7 

5%, 

7% 

33.2 

63.5 

56.4 

0 

0%, 

0% 

33.2 

50.9 

63.2 

99.5 

All  SCS 

FPC, 

3% 

33.2 

49.4 

59.4 

82.3 

3%, 

5% 

33.2 

44.9 

48.1 

42.9 

5%, 

7% 

33.2 

41.4 

40.1 

24.9 

TABLE  H; 


PRICE-SENSITIVE  COAL  PRODUCTION  BASED  ON  THE  ASSUMPTION  THAT 
THE  RESIDUAL  SHARE  OF  THE  FUEL  MIX  WITHIN  THE  NGP  MARKET  AREA 
WILL  BE  FILLED  BY  COAL-FIRED  GENERATION 


Market 
Estimate 


All  FGD 


Electric-Gas 

Annual  Price 
Growth  Assumption 

0%,  0% 
FPC,  3% 

5%,  7% 


1973 

143.9 
143.9 
143.9 
143.9 


(Millions  of  Tons) 
1980     1985 


291.3 
276.6 
227.2 
198.1 


308.1 

269.3 

146.9 

62.3 


2000 

485.2 
387.6 
76.5 
0 


Partial  FGD 


All  SCS 


0%,  0% 

FPC,  3% 

3» ,  b^ 

5%,  7% 

0%,  0% 

FPC,  3% 

3%,  5% 

5%,  7% 


33. 
33. 
33. 
33. 


170, 

155. 

106, 

68, 


187. 
148. 
26. 
0 


33.2 
33.2 
33.2 
33.2 


131.0 

120.7 

88.1 

62.4 


364. 

257. 
0 
0 


153.1 
125.6 
44.0 
0 


300.3 
214.2 

0 

0 


^Uses  1973  All  FGD  market  average  of  1.9698  X  10^  KWH/ton  and  All 
SCS  market  average  of  1.5533  X  10^  KWH/ton  (based  on  data  in  FPC  News. 
May  24,  1974,  p.  23). 
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4.  COAL  SOURCE  PROJECTION:  ASSUME  THAT  THE  NGP 

CONTINUES  TO  SUPPLY  ITS  1980  CONTRACT-BASED 

SHARE  OF  ELECTRIC  UTILITY  COAL  CONSUMPTION 


Table  I:  PRICE- SENSITIVE  COAL  PRODUCTION  ASSUMING  THAT  COAL-FIRED 
GENERATION  MAINTAINS  ITS  CURRENT  SHARE  OF  ELECTRIC  ENERGY 
PRODUCTION 


Electr 

ic-Gas 

NGP  Coal 

(Mill 

ions  of  To 

ns) 

Market 

Annual 

Price 

Market 

t~\ 

2000^ 

Estimate 

Growth  Assumption 

Share 

1980 

19859 

0%, 

0% 

.63 

135.7 

171.0 

265.6 

All  FGD 

FPC, 

3% 

.65 

135.7 

161.1 

221.3 

3%, 

5% 

.72 

135.7 

130.1 

114.7 

5%, 

7% 

.78 

135.7 

108.6 

66.5 

fgdIO 

0%, 

0% 

.63 

135.7 

99.0 

193.6 

Partial 

FPC, 

3% 

.65 

135.7 

89.1 

149.4 

3%, 

5% 

.72 

135.7 

58.2 

42.7 

5%, 

7% 

.78 

135.7 

36.7 

0 

0%, 

0% 

1.68 

85.5 

109.3 

172.1 

All  SCS 

FPC, 

3% 

1.73 

85.5 

102.8 

142.4 

3%, 

5% 

1.90 

85.5 

83.2 

74.2 

5%, 

7% 

2.07 

85.5 

69.4 

43.1 

The  1985  and  2000  estimates  are  based  on  the  1980  contract  share 
for  the  (FPC,  3^  price  increase  permutation. 

^  The  1980  All  FGD  and  Partial  FGD  estimates  are  the  same  since  it 
is  assumed  that  all  production  to  be  on  line  in  1980  is  already  con- 
tracted for.  No  empirical  basis  for  identifying  a  Partial  FGD  estimate 
1980  based  contract  share  (the  share  that  would  obtain  if  ICS  are  ap- 
proved for  existing  plants)  exists,  since  producers  are  behaving  as 
though  ICS  will  not  be  approved.  Therefore,  to  get  our  1985  and  2000 
Partial  FGD  estimate,  which  would  result  if  ICS  are  approved,  we  used 
the  All  FGD  market  share  as  an  approximation  (applied  to  Table  G).  This 
is  probably  low  since  NGP  coal  would  probably  have  a  larger  relative 
share  in  the  smaller  market  area. 
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TABLE  J :     PRICE- SENSITIVE  COAL  PRODUCTION  BASED  ON  THE  ASSUMPTION  THAT 
THE  RESIDUAL  SHARE  OF  THE  FUEL  MIX  WITHIN  THE  NOP  MARKET  AREA 
WILL  BE  FILLED  BY  COAL-FIRED  GENERATION 


Electr 

ic-Gas 

NGP  Coal 

(Millions  of 

Tons) 

Market 

Annual 

Price 

Market 

2000^ 

Estimate 

Growth  Assumption 

Share 

1980 

1985^ 

0%, 

0% 

.47 

135.7 

151.0 

237.8 

All   FGD 

FPC, 

3% 

.49 

135.7 

132.0 

185.5 

3%, 

5% 

.60 

135.7 

72.0 

37.5 

5%, 

7% 

.72 

135.7 

30.5 

0 

10 

0%, 

0% 

.47 

135.7 

91.7 

178.5 

Partial   FGD 

FPC, 

3% 

.49 

135.7 

72.7 

126.3 

3%, 

5% 

.60 

135.7 

12.7 

0 

S%, 

7% 

.72 

135.7 

0 

0 

0%, 

0% 

.65 

85.5 

108.7 

213.2 

All   SCS 

FPC, 

3% 

.71 

85.5 

89.2 

152.1 

3%, 

5% 

.97 

85.5 

31.2 

0 

5%, 

7% 

1.37 

85.5 

0 

0 

10 


See  Footnote  9,  Table  I,  Appendix  II. 
See  Footnote  10,  Table  I,  Appendix  II 


A  coal  source  projection  using  the  assumption  that  the  NGP  supplies 
all  coal  for  new  electric  generation  in  its  market  area  was  not  calculated 
for  price-sensitive  electric  generation.  This  configuration  appears 
unrealistic  based  on  the  results  of  the  constant  annual  growth  projection. 


APPENDIX  III 

1.  Methodological  Appendix 
(Constant  Growth  Projection) 

2.  Methodological  Appendix 
(Price  Sensitive  Projection) 
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1.  Methodological  Appendix--Constant  Growth  Projection 
Definition  of  Market  Areas 

The  All  FGD  market  area  consists  of  21  states  and  corresponds  to 
the  situation  where  air  pollution  emission  controls  are  required  for  both 
old  and  new  coal -fired  power  plants.  These  emission  controls  would  require 
either  flue  gas  desulfurization  (we  project  lime/ limes tone  scrubbing)  or 
the  combustion  of  coal  with  a  sulfur  content  below  0.6  lb/10  BTU.  The 
All  SCS  market  area  contains  13  states.  It  corresponds  to  the  situation 
where  supplementary  control  systems  (tall  stacks  and/or  intermittent  control 
systems)  are  permitted  for  all  coal -fired  power  plants.  The  Partial  FGD 
market  area  corresponds  to  the  situation  where  FGD  is  required  for  all  new 
coal -fired  power  plants,  but  SCS  is  permitted  for  old  plants.  The  Partial 
FGD  market  is  projected  for  various  years  by  adding  the  projected  growth 
or  decline  in  the  All  FGD  market  to  the  All  SCS  1973  base. 
Table  A:  Total  Electric  Generation  for  the  NGP  Coal  Market  Area 

The  1973  base  generation  for  the  market  areas  was  calculated  by  summing 
the  various  state  totals  within  the  market  areas  in  the  Edison  Electric 
Institute  Statistical  Year  Book  of  the  Electric  Utility  Industry,  1973, 
Table  13S.  Future  projections  were  made  by  applying  1%,  3%,  and  5%  annual 
growth  factors  to  the  market  area  base  generation. 

Table  B':  Fuel  Mix  Projection:  Coa1-Fired  Generation  Maintains  its  Current 
Share  of  Electric  Energy  Production. 

The  1973  base  coal-fired  electric  generation  was  also  calculated  from 
the  Edison  Electric  Institute  Statistical  Year  Book  of  the  Electric  Utility 
Industry.  Future  projections  were  made  by  multiplying  the  projections  in 
Table  A  by  the  current  coal -fired  generation  percentage  (39%  for  the  All 
FGD  market  and  13.8%  for  the  All  SCS  market).  The  Partial  FGD  market 
totals  were  calculated  as  described  in  the  Definition  of  Market  Areas, 
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Table  C:  Hydroelectric  Generation 

As  a  first  step  in  calculating  hydroelectric  generation  for  the  Northern 
Great  Plains  coal  market  areas,  a  revised  January  1974  datum  had  to  be 
constructed.  The  Pacific  Northwest  had  a  low  water  year  in  1973,  hence 
hydroelectric  generation  in  that  year  was  considerably  below  average.  We 
suspected  that  projecting  from  this  anomolous  base  would  lead  to  spurious 
results.   Revised  January  1,  1974  hydroelectric  generation  data  for  the 
market  areas  were  calculated  by  subtracting  the  1973  hydroelectric  generation 
for  the  States  of  Washington,  Oregon  and  Idaho  from  the  1973  market  area 
hydroelectric  generation  total.  The  "average"  annual  generation  (F.P.C, 
1972)  for  all  dams  existing  in  Washington,  Oregon  and  Idaho  on  January  1, 
1972  was  then  added  to  the  market  area  hydroelectric  total  along  with  an 
estimate  of  the  "average"  annual  generation  from  all  dams  completed  in 
Washington,  Oregon  and  Idaho  during  1972  and  1973.  This  "average"  for  new 
dams  was  calculated  by  multiplying  the  generating  capacity  rating  of  the 
new  dams  by  5.76  X  10  KWH/MW,  the  "average"  annual  generation  per  megawatt 
of  capacity  for  existing  dams  in  the  three  state  region.  Projections  for 
future  hydroelectric  generation  within  the  market  area  were  then  made  from 
this  datum. 

1980 

The  1980  hydroelectric  generation  forecasts  for  the  Northern  Great 
Plains  coal  market  areas  are  based  entirely  on  published  (F.E.A.,  1974a) 
construction  time  tables  for  projects  currently  planned  or  under  construction. 
It  includes  both  new  facilities  and  capacity  additions  to  existing  dams. 
No  construction  delays  are  projected. 
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1985 

The  calculation  procedure  used  to  generate  the  1985  market  area  forecasts 
of  hydroelectric  generation  were  identical  to  the  1980  procedures.  It 
should  be  noted  that  a  large  part  of  the  1985  increase  is  capacity  additions 
to  existing  facilities. 

2000 

The  year  2000  forecasts  for  the  hydroelectric  generation  in  Northern 
Great  Plains  coal  market  areas  assumed  no  new  capacity  additions  to  existing 
facilities.  The  year  2000  forecasts  were  generated  by  simply  assuming 
that  60  percent  of  all  new  hydroelectric  generation  coming  on  line  in  the 
United  States  between  1985  and  2000  would  be  in  the  All  FGD  Northern  Great 
Plains  coal  market  area  and  that  55  percent  would  be  in  the  All  SCS 
market  area.  In  actual  fact,  the  All  FGD  market  area  contains  61  percent 
of  the  potential  additional  hydroelectric  capacity  exclusive  of  Alaska;  thus 
we  are  projecting  that  new  hydroelectric  capacity  additions  will  be  proportional 
to  the  number  of  additional  sites  available.  An  annual  power  production  to 
installed  capacity  ratio  of  3.11  X  10  KWH/MW  was  used  to  convert  generating 
capacity  to  annual  generation.  This  is  the  actual  ratio  for  all  remaining 
hydroelectric  sites  in  the  All  FGD  market  area. 

Table  D:  Nuclear  Fueled  Generation 
1980 

The  1980  generating  capacity  estimates  for  the  All  FGD  and  All  SCS 
markets  are  90  percent  of  the  generating  capacity  scheduled  to  be  on  line 
by  1980  in  the  respective  states  included  in  the  market  areas.  Total 
power  production  from  these  plants  was  calculated  using  a  60  percent  capacity 
'■  factor. 
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1985 

The  1985  generating  capacity  estimates  for  the  All  F6D  and  All  SCS 
markets  again  are  90  percent  of  the  scheduled  generating  capacity  for  the 
states  included  in  the  two  market  areas.  Total  power  production  was 
calculated  using  a  65  percent  capacity  factor. 
2000 

Year  2000  estimates  of  nuclear  power  production  were  calculated  for  3 
possible  annual  growth  rates  (1%,  3%,  5%)  in  total  electric  energy  consumption 
in  the  market  areas.  The  calculation  assumes  that  50  percent  of  all  new 
electric  generating  capacity  within  the  All  FGD  market  area  between  1985 
and  2000  will  be  nuclear  fueled.  Similarly,  40  percent  of  the  post  1985 
generating  capacity  of  the  All  SCS  market  area  will  be  nuclear  fueled.  The 
year  2000  annual  power  production  is  calculated  by  adding  either  one-half 
(All  FGD  market)  or  two-fifths  (All  SCS  market)  of  the  1985-2000  increase 
in  electric  power  consumption  at  the  3  different  growth  rates  to  the  1985 
annual  nuclear  power  production. 

Table  E:  Subtotal:  Hydroelectric,  Nuclear,  and  Gas  Fueled  Generation 
The  projections  in  Table  E  are  the  total  of  Tables  C  and  D  with 
the  appropriate  gas  fueled  electric  generation  total  added  (236.5  billion 
KWH/Yr  for  the  All  FGD  market  and  177.3  billion  KWH/Yr  for  the  All  SCS 
market).  Gas  fired  generation  was  held  constant  at  1973  levels  for  all  our 
projections  to  the  year  2000. 

Table  F:  Coal  Generation  as  a  Residual  Given  Hydroelectric,  Nuclear,  and  Gas 
Fueled  Generation 

Table  F,  residual  coal -fired  electric  generation  is  calculated  by 
subtracting  the  data  in  Table  E,  the  hydroelectric,  nuclear,  and  gas  fueled 
subtotal  from  Table  A,  the  total  electric  generation.  This  calculation 
assumes  that  oil  fired  electric  generation  in  the  Northern  Great  Plains  coal 
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market  areas  is  zero.  In  1973,  oil-fired  generation  actually  made  up  3.8% 
of  the  total  generation  in  the  All  FGD  market  area  and  1.8%  in  the  All 
SCS  market  area. 

Table  G:  Coal  Source  Projection:  Assume  that  the  NGP  Supplies  All  Coal  for 
Electric  Generation  in  Its  Market  Area.  Coal  Production  Assumption:  Coal- 
Fired  Generation  Maintains  its  Current  Share  of  Electric  Energy  Production 
Within  Its  Market  Area. 

Table  G  is  calculated  by  converting  Table  B  from  electric  generation  to 
tons  of  coal  required  to  produce  that  generation.  The  All  FGD  market  area 

generation  was  converted  to  coal  production  using  a  conversion  factor  of 

3 
1.9698  X  10  KWH/ton,  the  market  area  average  based  on  the  FPC  News,  May  24, 

1974,  p.  237.  Similarly,  the  All  SCS  market  area  conversion  factor  was 

1.5533  X  lO"^  KWH/ton.  The  Partial  FGD  market  was  then  calculated  in  the 

♦   normal  manner.  (The  All  FGD  change  was  added  to  the  All  SCS  base.) 

Table  H:  Coal  Source  Projection:  Assume  that  the  NGP  Supplies  All  Coal  for 
Electric  Generation  in  Its  Market  Area.  Coal  Production  Assumption:  The 
Residual  Share  of  the  Fuel  Mix  Within  the  NGP  Market  Area  will  be  Filled 
by  Coal -Fired  Generation. 

The  1973  base  coal  production  was  obtained  by  converting  the  base 
generation  in  Table  B  to  coal  production.  The  base  coal  production  in  this 
table  is  identical  to  that  of  Table  G.  Oil-fired  generation  was  assumed  to  go 
to  zero  between  1973  and  1980,  being  replaced  by  coal  generation.  The 
projections  for  1980,  1985,  and  2000  were  made  by  converting  the  generation 
data  in  Table  F  to  coal  production  using  the  appropriate  conversion  factors. 
The  Partial  FGD  market  was  calculated  in  the  normal  manner  except  that  oil- 
fired  generation  was  considered  to  go  to  zero  before  1980. 
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Table  I:  Coal  Source  Projection:  Assume  That  the  NGP  Continues  to  Supply 
its  1980  Contract-Based  Share  of  Electric  Utility  Coal  Consumption.  Coal 
Production  Assumption:   Coal -Fired  Generation  Maintains  its  Current  Share  of 
s    Electric  Energy  Production. 

The  NGP  coal  market  share  shown  in  Table  I  is  the  actual  1980  NGP  coal 
contract  estimate  for  each  market  (Table  I,  1980)  divided  by  the  coal  production 
estimate  for  each  market  area,  assuming  that  coal -fired  generation  maintains 
its  current  share  of  electric  energy  production,  and  that  the  NGP  supplies 
all  coal  for  electric  generation  in  its  market  area  (Table  G,  1980).  The 
1980  contract  estimate  for  the  Partial  FGD  market  area  was  defined  to  be 
identical  to  the  estimate  for  the  All  FGD  market  area  since  no  empirical 
basis  for  identifying  a  1980  contract  estimate  for  the  Partial  FGD  market 
area  exists  (i.e.,  we  do  not  know  whether  coal  contracts  in  the  "swing" 
states  are  going  to  new  or  existing  plants).  The  1985  and  2000  estimates  for 
the  All  FGD  and  All  SCS  market  areas  in  Table  I  were  calculated  by 
multiplying  the  1985  and  2000  coal  production  estimates  in  Table  G  by  their 
respective  market  share  at  5%  annual  constant  growth  in  electric  energy 
consumption.  The  5%  growth  share  was  used  because  at  least  that  growth  rate 
is  implicit  in  utilities  expectations  and  it  is  unlikely,  if  growth  rates 
are  lower  than  5%,  that  the  NGP  coal  source  share  will  increase  at  the 
expense  of  other  coal  producing  regions. 

The  1985  and  2000  Partial  FGD  market  estimates  were  calculated  using 
the  All  FGD  market  share.  The  resulting  Partial  FGD  estimate  is  probably 
low  since  the  NGP  coal  producing  region  is  likely  to  have  a  larger  relative 
share  in  the  smaller  market  area. 


\.rims^:rxsBT^ 
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Table  J:  Coal  Source  Projection:  Assume  that  the  NGP  Continues  to  Supply 

*  its  1980  Contract-Based  Share  of  Electric  Utility  Coal  Consumption.  Coal 
Production  Assumption:  The  Residual  Share  of  the  Fuel  Mix  Within  the  NGP 

.  Market  Area  Will  be  Filled  by  Coal -Fired  Generation. 

The  procedure  used  to  calculate  Table  J  was  identical  to  that  used  in 
the  calculation  of  Table  I.  The  market  share  was  determined  from  Table  H 
while  actual  1980  contract  data  and  the  5%  growth  market  share  were  used  to 
calculate  1985  and  2000  estimates. 

Table  K:  Coal  Source  Projection:  Assume  that  the  NGP  Supplies  All  Coal  for 
New  Electric  Generation  in  its  Market  Area.  Coal  Production  Assumption: 
Coal-Fired  Generation  Maintains  its  Current  Share  of  Electric  Energy 
Production. 

The  1973  base  NGP  coal  production  data  come  from  the  Northern  Great 

•  Plains  Resources  Program  Draft  Summary  Report,  September,  1974.  Projections 
for  1980,  1985,  and  2000  were  made  by  simply  adding  the  change  in  coal 
production  from  Table  G  to  the  1973  base.  The  All  FGD  and  Partial  FGD 
estimates  are  identical  to  this  configuration  since  our  coal  source  projection 
states  that  the  NGP  supplies  all  coal  for  new  generation  within  its  market 
area  and  the  Partial  FGD  estimate  requires  FGD  for  all  new  coal-fired 
generating  plants  as  does  the  All  FGD  estimate.  In  both  cases,  it  is  assumed 
that  existing  coal-fired  electric  generating  plants  are  fueled  with  coal  from 
other  sources. 
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Table  L:  Coal  Source  Projection:  Assume  that  the  NGP  Supplies  AH  Coal  for 

New  Electric  Generation  in  Its  Market  Area.  Coal  Production  Assumption:  The 

Residual  Share  of  the  Fuel  Mix  Within  the  NGP  Market  Area  will  be  Filled 

•  by  Coal -Fired  Generation. 

The  procedure  used  to  calculate  Table  L  was  identical  to  that  used 
in  the  calculation  of  Table  K.  The  projections  for  1980,  1985,  and  2000 
were  made  by  adding  the  change  in  coal  production  from  Table  H  to  the  1973 
base.  Again,  the  All  FGD  and  Partial  FGD  estimates  are  identical. 

Table  M:  Consumption  of  NGP  Coal  for  Gasification. 

The  number  of  coal  gasification  plants  projected  for  the  Northern 
Great  Plains  was  determined  by  Richard  Stroup  and  Walter  Thurman  in  the  Montana 
University  Coal  Demand  Study  Working  Paper  #2.  Coal  consumption  was  calcu- 
lated by  multiplying  the  projected  number  of  plants  by  the  annual  coal 

*  consumption  per  plant. 

Table  N:  Coal  Replacement  Projection  (Coal  Production  from  the  NGP  to 
Replace  Natural  Gas  Shortfalls). 

Table  N  was  calculated  by  Walter  Thurman  and  Richard  Stroup  in  the 
Montana  University  Coal  Demand  Study  Working  Paper  #14.  The  methodology 
is  as  follows: 

1.  A  base  projection  for  industrial  gas  demand  in  the  21-state 
All  FGD  market  area  for  NGP  coal  is  determined.  Dupree  and  West's  national 
projection  for  industrial  gas  demand  in  the  year  2000  is  broken  up  into 
state  shares  according  to  current  consumption  percentages.  That  is,  in- 
creases in  gas  demand  are  assigned  to  states  in  the  same  proportions  in 
which  current  gas  supply  is  consumed.  The  21  states  now  make  up  65.01% 

4 

of  national  industrial  gas  consumption. 


149 

2.  Coal  costs  are  calculated  for  the  21-state  area,  as  divided 

into  10  regions.  Coal  costs  include:  $5,  $6,  and  $7.50  per  ton  production 
prices  (three  different  projections),  $.007/mile/ton  transportation  costs, 
and  a  pollution  control  premium  of  $1.12/ton.  In  the  analysis,  it  is 
assumed  that  NGP  coal  is  a  least-cost  alternative  to  gas  in  the  market 
area  and  competes  on  the  basis  of  the  calculated  costs. 

3.  For  each  of  the  10  regions  within  the  market  area,  current 
industrial  gas  consumption  is  hypothetical ly  reduced  by  assuming  current 
users  are  faced  with  the  direct  combustion  of  coal  as  their  least  cost 
choice.  This  gives  a  demand  response  to  an  increase  in  energy  prices  from 
those  which  they  now  pay  for  gas  to  those  which  they  would  pay  for  NGP  coal. 
An  economy-wide  energy  demand  elasticity  of  -0.15  is  used  in  the  equation: 
aQ  _  n  ic;  Y  ^'  percentage  change  in  quantity  =  elasticity  x  percentage 

Q    -u. 1 D  X  p 

change  in  price.  The  elasticity  equation  is  used  to  deflate  Dupree  and 
West's  base  projection.  They  use  an  average  3.3%  annual  growth  figure  for 
industrial  energy  use  and  do  not  consider  a  price-induced  demand  reduction, 
though  they  do  consider  price  sensitive  inter-fuel  substitution. 

4.  The  percentage  demand  response  for  the  21  states  is  projected 
onto  Dupree  and  West's  industrial  gas  demand  forecast.  It  is  assumed  here 
that  coal  will  be  substituted  for  increases  in  gas  demand  only.  Current 
gas  users  are  assumed  to  have  the  same  quantities  of  gas  available  to  them 
as  are  available  now. 

5.  If  natural  gas  supply  is  short,  the  development  of  coal  gasification 
to  augment  gas  supply  becomes  more  likely.  We  then  turn  to  the  high  forecast 
of  gasification  activity  and  subtract  from  the  gas  demand  that  which  would 

be  supplied  by  the  three  projected  plants. 
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The  resultant  increase  in  industrial  gas  demand  forecasted  is  then 

converted  into  equivalent  tons  of  coal. 

6.  Finally  a  share  of  this  demand  is  allocated  to  Northern  Great 
Plains  coal.  We  arbitrarily  assumed  that  the  NGP  coal  market  share  at 
5%  annual  growth  in  electricity  consumption  for  the  All  FGD  market 
(0.67)  would  hold  for  the  direct  substitution  of  coal  as  a  boiler  fuel. 
Thus  the  NGP  coal  demand  for  natural  gas  substitution  was  determined  by 
multiplying  that  projected  total  coal  substitution  demand  by  the  NGP  coal 
market  share. 

7.  The  coal  substitution  demand  calculated  was  for  the  year  2000. 

We  arbitrarily  assumed  that  one  half  of  this  increased  coal  production  would 
be  required  by  1985, 
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2.     Methodological  Appendix--Price  Sensitive  Projection 

Table  A:     Price  Sensitive  Total   Electric  Generation  for  the  NGP  Coal   Market 

Area. 

The  1973  base  generation  is  identical  to  Table  A  of  Appendix  I.  The 

projections  of  1980,  1985  and  2000  price  sensitive  electric  generation  were 

calculated  through  the  use  of  a  computer  program  fully  described  in  the 

Montana  University  Coal  Demand  Study  Working  Paper  #12,  by  John  Duf field 

and  Terry  Wheeling. 

Table  B:  Price  Sensitive  Fuel  Mix  Projection:  Coal-Fired  Generation 
Maintains  its  Current  Share  of  Electric  Energy  Production. 

The  calculation  procedure  for  Table  B  in  Appendix  II  is  identical  to 
that  used  for  Table  B  in  Appendix  I. 

Table  C:  Hydroelectric  Generation. 

Table  C  is  identical  to  Table  C,  Appendix  I. 

Table  D:  Price  Sensitive  Nuclear  Fueled  Generation. 

The  1973  base  nuclear  fueled  generation  and  the  1980  and  1985  projections 
are  identical  to  Table  0,  Appendix  I.  The  year  2000  projections  were 
calculated  by  assuming  that  50%  of  the  new  projected  price  sensitive  electric 
generation  (Table  A,  Appendix  II)  growth  between  1985  and  2000  would  be 
nuclear  fueled  for  the  All  FGD  market  area.  Similarly  it  was  assumed  that 
40%  of  the  1985-2000  price  sensitive  generation  growth  would  be  nuclear 
fueled  in  the  All  SCS  market  area.  The  year  2000  Partial  FGD  market 
estimate  was  calculated  by  the  normal  procedure. 
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Table  E:  Price  Sensitive  Subtotal:  Hydroelectric,  Nuclear,  and  Gas  Fueled 

Generation. 

The  calculation  procedure  for  Table  E  in  Appendix  II  is  identical 

to  that  used  for  Table  E  in  Appendix  I. 

Table  F;  Price  Sensitive  Coal  Generation  as  a  Residual  Given  Hydroelectric, 
Nuclear  and  Gas  Fueled  Generation. 

The  calculation  procedure  for  Table  F  in  Appendix  II  is  identical  to 
that  used  for  Table  F  in  Appendix  I. 

Table  G:  Coal  Source  Projection:  Assume  that  the  NGP  Supplies  All  Coal  for 
Electric  Generation  in  Its  Market  Area.  Price  Sensitive  Coal  Production 
Assumption:  Coal -Fired  Generation  Maintains  its  Current  Share  of  Electric 
Energy  Production  Within  its  Market  Area. 

The  calculation  procedure  for  Table  G  in  Appendix  II  is  identical  to 

4 

that  used  for  Table  G  in  Appendix  I. 

Table  H:  Coal  Source  Production:  Assume  that  the  NGP  Supplies  All  Coal  for 
Electric  Generation  in  its  Market  Area.  Price  Sensitive  Coal  Production 
Assumption:  The  Residual  Share  of  the  Fuel  Mix  Within  the  NGP  Market  Area 
Will  be  Filled  by  Coal -Fired  Generation. 

The  calculation  procedure  for  Table  H  in  Appendix  II  is  identical  to 
that  used  for  Table  H  in  Appendix  I. 

Table  I:  Coal  Source  Projection:  Assume  that  the  NGP  Continues  to  Supply  its 

1980  Contract-Based  Share  of  Electric  Utility  Coal  Consumption.  Price  Sensitive 

Coal  Production  Assumption:  Coal -Fired  Generation  Maintains  its  Current  Share 
of  Electric  Energy  Production. 
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The  calculation  procedure  for  Table  H  in  Appendix  tl   is  identical 
to  that  used  for  Table  H  in  Appendix  I,  except  that  the  1985  and  2000  estimates 
for  the  All  FGD  and  All  SCS  market  areas  in  Table  I,  Appendix  II  were 
calculated  by  multiplying  the  1985  and  2000  coal  production  estimates  in 
Table  G,  Appendix  II,  by  the  respective  market  shares  for  the  (FPC,  3%) 
Electric-Gas  Annual  Price  Growth  Assumption. 

Table  J:  Coal  Source  Projection:  Assume  that  the  NGP  Continues  to  Supply 
its  1980  Contract-Based  Share  of  Electric  Utility  Coal  Consumption.  Coal 
Production  Assumption:  The  Residua!  Share  of  the  Fuel  Mix  Within  the  NGP 
Market  Area  Will  be  Filled  by  Coal -Fired  Generation. 

The  calculation  procedure  for  Table  J  in  Appendix  II  is  identical 
to  that  used  for  Table  I  in  Appendix  II.  The  market  share  was  determined 
from  Table  H,  Appendix  II,  and  actual  1980  contract  data  and  the  (FPC,  3%) 
«   Electric  Gas  Annual  Price  Growth  Assumption  were  used  to  calculate  1985  and 
2000  estimates. 
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PART  III 
WORKING  PAPERS 


#1  -  "Electric  Energy  Demand  and  the  Demand  for  Northern 
Great  Plains'  Coal,"  by  Thomas  M.  Power, 

#2  -  "Forecasting  Coal  Gasification  Activity,"  by  Richard 
Stroup  and  Walter  Thurman. 

#3  -  "The  Geographic  Market  for  NGP  Coal,"  by  Terry  Wheeling. 

#4  -  "NGP  Coal  Contract  Data,"  by  William  Tomlinson. 

#5  -  "Nuclear  Energy  Raw  Material  Supply,"  by  Arnold  Silverman. 

#6  -  "Projections  of  Hydroelectric  Generation  in  the  Northern 
Great  Plains  Coal  Market  Area,"  by  John  McBride. 

#7  -  "Projections  of  Nuclear  Fueled  Electric  Generation  in  the 
Northern  Great  Plains  Coal  Market  Area,"  by  John  McBride. 

#8  -  "Costs  of  Flue  Gas  Desulfurization  for  Electric  Generating 
Plants,"  by  John  McBride. 

#9  -  "Advanced  Coal  Cleaning  and  Energy  Conversion,"  by  John 
McBride. 

#10  -  "Potential  for  Conversion  of  Oil  to  Coal-Fired  Steam 
Electric  Generators,"  by  John  McBride. 

#11  -  "The  Status  of  Supplementary  Control  Systems,"  by  John 
McBride. 

#12  -  "Econometric  Projection  of  Electric  Energy  Demand  in  the 
Northern  Great  Plains  Coal  Market  Area,"  by  John  Duffield 
and  Terry  Wheeling. 

#13  -  "Environmental  Laws  and  Regulations  of  Northern  Great 

Plains  Coal  Market  Area  Swing  States,"  by  William  Tomlinson. 

#14  -  "Northern  Great  Plains  Coal  Use  in  Response  to  Natural  Gas 
Shortfalls,"  by  Walter  Thurman  and  Richard  Stroup. 


PART  IV 
COMPUTER  PRINTOUT  AND  PROGRAMS 


A.  Montana  University  Coal  Demand  Study  Electric 
Energy  Demand  Projections,  Volumes  I  and  II. 

B.  Montana  University  Coal  Demand  Study  Programs. 
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